“December 1946 


| 7 r g 4 f Y : nf 
; ; 3 | 


ese eee ee ON 

























ALUMINUM FORGINGS US 
IN POSTWAR AIRLINER 
NOW IN PRODUCTIO 


“) | 


f 
| 
a fii J>/~ METAL CORPORATION 
74th STREET and ASHLAND AVENUE * CHICAGO 36, ILLINOIS 


HAROLD 8B. HARVEY ‘0S * Engineers & Manufacturers * SHERRY O'BRIEN '17 
FORGINGS IN ALUMINUM © BRASS © BRONZE © COPPER © MAGNESIUM * MONEL * ALLOYS 


- saath it SESE ENE SA ‘ee BIS. 


MACHINING FACILITIES 


S USt 
LINER 











Here’s One Replacement 
You'll Be Glad To Make 


You'll find it much cheaper to replace a broken goggle lens than to pay 
compensation and other costs for a lost eye. 

The average cost of a pair of goggles is only $1.50. New Lenses cost much 
less. The cost of even a minor eye accident is substantially greater — 

often totalling many hundreds of dollars. 

Compared to safety goggles, there is hardly a piece of plant equipment that 
requires such a small outlay for original installation or which saves its 

cost in such a short time. 

Send to your nearest American Optical Safety Representative or direct to 
the American Optical Company, Box T, for a copy of the new book 

“Eye Accident Costs,” telling how much eye accidents cost, how to 
prevent them and how much you can save by preventing them. 
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Old 3131 was a locomotive of destiny. Its boiler tubes were test tubes of 
progress. It was a laboratory on wheels . .. which contributed importantly 


to this century’s greatest advance in the science of burning coal. 

The story started in 1914. It was then that the Locomotive Pulverized 
Fuel Co., later to become part of the Combustion Engineering organiza- 
tion, began experiments with pulverized coal for firing locomotives. 
Instead of feeding coal by shovel, or stoker, the coal was first ground to 
a fine powder, then blown through a nozzle into the fire-box. 

These experiments on “3131” and other locomotives indicated that 
stationary boilers might be more adaptable to the requirements of pul- 
verized coal firing. Accordingly several trial applications were made. 
and one of these, completed in 1918, proved to be the turning point. It 
resulted in the building, two years later, of the world’s first power station 
designed for the exclusive use of pulverized coal. Engineers journeyed 
from all over the world to see this plant and to observe the firing of its 
boilers with coal ground as fine as flour and burned in suspension like a 
gas. From then on the trend to pulverized coal firing was under way. 

Among the immediate gains were larger and more efficient boilers 
capable of being operated at higher ratings, greater continuity of service, 
ability to use a wider range of coals and generally improved operating 
conditions. 

Today, wherever coal is burned, pulverized coal is the generally ac- 
cepted method of firing the largest power station boilers and is widely 
used for boilers in the middle-sized range. The total contribution of 
pulverized coal firing to the national economy cannot be calculated but 
it is conservative to say that in coal savings alone it amounts to millions 
of tons annually. 

Combustion Engineering was primarily responsible for the com- 
mercial development of pulverized coal firing, but we must share the 


credit with “3131” — the old iron horse that led the way. 
A-992 


Combustion Engineering 


200 MADISON AVENUE, NEW YORK 16, N. Y. 


C-E INSTALLATIONS COVER ALL STEAM REQUIREMENTS FROM 
30 HORSEPOWER BOILERS TO THE LARGEST POWER STATION UNITS 
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32 ALUNDUM. . the Sensational New 


Norton Abrasive is doing it for many others 
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"75% increase in life. Required no 
dressing'’ — Sharpening file chisels 


And here’s why 32 ALUNDUM 


abrasive is cutting costs — 
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"Gave over 1000 pieces per 
dressing compared to 300 pre- 
viously'' — Surfacing razor parts 
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¥. The unique electric furnace process 
which eliminates crushing produces 
grains with many sharp points for faster, 
cooler cutting. 


2. Because the grains are over 99%, 
pure fused alumina the many sharp 
points have exceptional resistance to 


dulling. 


3. The rough, nubbly surface of the 
grains insures strong, uniform bonding 
for longer wheel life and fewer dressings. 


Put 32 ALUNDUM grinding wheels to 
work cutting costs for you. 


NORTON COMPANY, WORCESTER 6, MASS. 


Distributors in All Principal Cities 


Trade-Mark Reg. U S Pat Off 


“NORTON ABRASIVES © 

















NC-2-40D 


Beauty goes deep in the NC-2-40D. Deep inside the 
chassis parts of watchlike precision are assembled 
with painstaking care. Carefully designed mechanisms 
enable the controls to respond to your slightest 
touch. Thorough shielding helps circuits to develop 
the fine performance, stable operation and uniform 
response that you expect of a National receiver. We 
invite you to study the photographs above. They 


are pictures of quality. 


NATIONAL COMPANY, INC., MALDEN, MASS. 
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For Industry, the Cabot Research and Development De- 
partment discovers new raw materials, new processes, and 
new applications. Above is an illustration. This is one 
of the many units in the Cabot research laboratories in 
Boston, assembled to study heats of adsorption with 
hydrocarbon gases. 


Research is the beginning. The process is carried on in 
the centers where Cabot raw materials are produced. 
There quality control in laboratories and plants assures 
uniformity and dependability. Finally, these are linked 
with Cabot Technical Sales and Service, and together 
they represent the know-how which serves industries 
the world over. 


CABOT CARBON CO. 
TEXAS ELF CARBON CO. 


GENERAL ATLAS CARBON CO. 


CABOT SHOPS, INC. 
VALLEY VITAMINS, INC. 


GODFREY L. CABOT, inc. 


BOSTON 10,,.MASS. 





Why? Because here were tooled such historic items 

Why do they as the motors which flew Colonel Lindbergh’s 
“Spirit of St. Louis’ to Le Bourget, and Admiral 

Byrd's plane over the Poles. Here was built, for 

coll this Victor Lougheed, in far-away 1911, an 8-cylinder, 
experimental plane motor weighing all of 81 

pounds, a forerunner of things to come. And here, 


i h W j too, were tooled the first visible-platen typewriter, 
f 0 [ S the first punched-card tabulating machine, and 
many other famous “‘firsts.””, No other tool room 

has had experience of such breadth. 
Today, as in the past, T-P master toolmakers can 
0S alli 0 | c provide you with anything from a single jig to 
; complete tool and gage set-ups for the most com- 


plex products of any type. And when you receive 
your T-P tools, they will require no fixing up, no 


9 9 grooming—wnothing, except to be put to work imme- 
e diately. For the full picture of Taft-Peirce Tool 
Room Service, write to: The Taft-Peirce Mfg. Com- 

pany, Woonsocket, Rhode Island. 


... for engineering, tooling, a-G TAKE if TO TAFT-PEIRCE 
walle 


contract manufacturing: 





“YOU CAN COUNT ON 600,000 
BY THE END OF JANUARY’ 


Positive promises like this are commonplace machining requirements, Our nearest field 
where the production executive has New Britain representative will gladly discuss them with you. 
Multiple Spindle Automatic Machines at his 


disposal. It helps everyone when you can plan For more, better parts per hour at lower cost, 


a stiff schedule and know from experience your this year and years from now, it pays to pick 
machines won't let you down. It will pay you Vew Britain. 


to investigate the use of New Britains for your New Britain builds four and six spindle automatic 
screw machines up to2 14" capacity... also a complete 
line of multiple spindle automatic chucking machines 
— four, six and eight spindles up to 12” capacity. 


THE NEW BRITAIN MACHINE COMPANY 
NEW BRITAIN, CONNECTICUT 


New Britain-Gridley Machine Division 


MODEL 61 M-01948-A 













NEW EXTRUDED PLASTIC ROD 


ERE’S another SANDEE “first” .. a new plastic material plus a 

new extrusion process which equal an extruded product of 
remarkable properties! The new material — PLEXENE — produced 
by Rohm & Haas Co., has proved successful to an outstanding de- 
gree, when made into Extruded Rods by Sandee for fine mechanical 
pens and pencils. New applications for PLEXENE Extruded Rods, 
Tubes and Shapes can be developed by our research staff. Increased 
quantities of this material are now available. Sandee extrusion 
technique and “know-how” are constantly proving valuable to 
more and more manufacturers everywhere. If extruded plastics are 
involved in any of your plans or products, by all means discuss 
them with our capable engineers. 







ELMER SZANTAY, General Manager —'35 
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STUDY THESE 


Remarkable 


PROPERTIES 


. Specific Gravity —1.08 
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Tensile Strength 
— 10,000 p.s.i 


Impact Strength 
—1.0 ft. Ibs. (notched) 


Heat distortion —185° F 
Rigidity — Excellent 


Abrasion Resistance 
— Excellent 


Weathering Resistance 


— Excellent 
Water Absorption —Nil 
Burning Rate -Slow 
Odor — None 
Color — Wide Range 
Ink Resistance —Excellent 


Surface Finish 
—High Gloss Obtainable 


Dimensional Stability 
— Excellent 
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y hums in a rebuilt Europe — the demand for premium 
mounting rapidly. 


femmies obviously will be in an advantageous position to 
profit briskly, as the lube-oil demiand increases. 


aus service includes every stage of process development, 
design, construction and initial operation. With complete 
or pilot-plant and semi-commercial operation, Lummus 

. . >. es . . 
equipped to study individual refinery conditions with-a view 

- . : . . 
d construction of a plant that will give maximum 
gh\grade fube oils at minimum cost. 


signed and built a large percentage of the 
refining and dewaxing capacity: 


14 solvent refining plants now in operation 
— 5 more under construction; 


19 solvent dewaxing plants 
— 6 more under construction. 





Us COMPaNy 
“e, New Yor, 17, N.Y 





Write for a copy of “Development of the P 
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Rotary Helical-Geared Pumps 


for General Use 


Brown & Sharpe 1S, 2S and 3S Rotary Geared Pumps 
with helical gears permit quiet operation at motor 
speeds. They are highly efficient for supplying coolant 
and lubricant, for circulating purposes and for low 
pressure hydraulic service. Pumps have renewable iron 
bearings—a mechanical seal to prevent leakage and 
eliminate gland adjustments —and come with or with- 


out integral relief valves. For complete in- BS 
formation and installation dimensions, write (|BS 
Brown & Sharpe Mfg. Co., Providence 1,R.I. 
We urge buying through the Distributor 
BROWN & SHARPE: 














HORN BROTHERS 


Incorporated 
Building Construction 
23 MINER STREET - BOSTON, MASS. 


G. ARTHUR HORN, Treas. 
Spec, Student '37 


A. B. ELLENWOOD, JR. '34 
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THE TABULAR VIEW 


Union of Sciences.— Joining hands during the war in 
a program of research aimed to provide whole blood to 
the men of our armed forces, medicine and physics have 
accomplished results hardly possible without the close 
co-operation of these two sciences. The results of this 
program are recorded (page 91) by physician Joun G. 
GrBson, 2p, and physicist Roptey D. Evans. 

After graduation from Amherst College’in 1919, Dr. 
Gibson served in the Field Artillery and then began a 
business career by attending the Harvard Business 
School from which he received an M.B.A. degree in 
1921. For the next six years he was engaged as produc- 
tion manager in the manufacture of automotive parts, 
and in selling. Dr. Gibson then returned to Harvard and 
was graduated from the Harvard Medical School with 
an M.D. degree in 1932. Since 1933 he has been engaged 
in research on the measurement of circulating blood vol- 
ume, one important aspect of which is recorded in this 
issue. Under a grant which it provided, the National 
Institute of Health, the Peter Bent Brigham Hospital, 
and the Harvard Medical School are continuing studies 
in this field under the direction of Dr. Gibson. 

A native of Nebraska, Robley D. Evans attended the 
California Institute of Technology trom which he re- 
ceived his bachelor’s degree in 1928 and a doctorate in 
1932. From 1929 to 1931 he was director of the research 
laboratory of C. F. Braun and Company of California, 
where he was engaged in chemical engineering research. 
During 1932 to 1934 he was a National Research Fellow 
in physics at the University of California in Berkeley, 
after which he came to M.I.T. as assistant professor of 
physics. He was advanced to associate professor in 1938 
and to professor of physics in 1945. In 1937 he was 
awarded the Theobald Smith medal, an award in medi- 
cal sciences which is administered by the American 
Association for the Advancement of Science, and given 
for the most important contribution to medicine made 
by an investigator less than 35 years of age. 





















Rockets in Battle.—A long period of military use, 
marked by spasmodic successes and relative ineffective- 
ness, is the ancestry of the modern rocket. Brought to 
the public’s attention during the war because of their 
grim military use, rockets and the historical develop- 
ment of these reaction-propelled missiles, as recounted 
(page 95) by Wiity Ley, take on added import. A re- 
search worker at the Washington Institute of Technol- 
ogy, Mr. Ley is well known to Review readers not only 
as one of its editorial associates, but also as a lecturer 
and frequent writer on current topics of technology. 


Post-Industrialism. — Many factors already operating 
tend toward decentralization of our large cities, our in- 
dustrial system, and many of our social institutions. 
Commenting upon these matters and recognizing that 
the industrialism which we know may hardly be the way 
of life for our descendants, Pau Mrapows directs 
thinking (page 101) to what may lie ahead. Dr. Mead- 
ows received his doctorate at Northwestern University 
and is assistant professor of sociology at Montana State 
University. His primary interests and writings deal with 
the human aspects of industrialization. 














A LITTLE DOES A LOT 


The Spanish built their colossal Armada to smother gently applied. Today a little molybdenum is doing 
England by sheer weight. But Drake, with a a lot to improve the strength and toughness of good 
scratch fleet of nondescript ships, and some brains, cast iron. The foundry man’s market is broadened 
reduced the Armada to an unpleasant memory. and many a user’s production headaches relieved. 

Not only in warfare can a little do a lot, intelli- Practical working data is available on request. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED ¢ FERROMOLYBDENUM @ "CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


Cli “I: O'L.S: any 
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IT PAYS TO SPECIFY STARRETT 





HACKSAWS and.BAND SAWS, TOO 


“File Testing” 
to insure uni- 
form cutting 
edges on fast 
cutting, long 
lasting Starrett 
hacksaws and 
band saws. 





PRECISION MANUFACTURING METHODS 
MAKE STARRETT SAWS BETTER 


STARRETT, master makers of precision measuring tools, use their skill 
and experience to make better, faster cutting, more uniform hack- 
saws and band saws, too. STARRETT precision inspection methods 
insure correct set and clearance, exact size, uniform temper and 
maximum performance. Select the right blades and saws for your 
jobs from the complete line af Starrett hacksaws for hand frames 
and power machines and band saws for metal, wood, plastics, etc. 


Buy through your distributor 
THE L. S. STARRETT CO. « ATHOL + MASSACHUSETTS + U.S. A. 
WORLD'S GREATEST TOOLMAKERS 
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The Process Reversed 
From Freperick ARPKE: 

I felt that Dr. Meadows’ article “The Industrial Way of Life” in 
the March isgue of The Technology Review was excellent. Not only was 
it well written from a professional standpoint, but it was packed with 
suggestive ideas and altogether a most interesting thesis. 

A really active drive for rural zoning has been under way in the Port- 
land area and is receiving support from the most surprising places. How- 
ever, this program represents only one small step in the right direction, 
and only emphasizes again the very crudeness of the tools that we are 
forced to use in modifying our social and institutional patterns to corre- 
spond with technical change. 

Why shouldn’t society set up the environmental standards that are 
considered to be desirable, and force our inventive technologists to 
adjust themselves to this pattern? As a matter of fact, there appears to 
be evidence that this is happening to some degree. The migration of 
certain industrial plants to smaller cities does not in any sensé dispute 
the basic advantages of centralization, but rather represents an adjust- 
ment to a labor situation characteristic of large cities with which big 
business has found it difficult to cope. The few production “ dis-econo- 
mies”’ that might result from such a trend are certainly more than com- 
pensated for by the resulting social improvements. 


Portland, Ore. 


Technology and Community Development 
From Peter F. Drucker: 

I think Dr. Meadows’ article an excellent presentation of a basic 
problem, but may I raise one minor point? It seems to me that in con- 
trasting the disorganized industrial way of life with the traditional com- 
munity life of the past, we are liable to overlook the point that the or- 
ganization of the past was not innate in the technology of the pre- 
industrial age but was created by man. In itself any system of produc- 
tion, or any technology, is abstract and impersonal and is not satisfying 
to man’s basic personality. Community and social order are man- 
made, not material-made. | fail to see any reason why we could not 
develop a proper community in organizing the industrial way of life. 
This, however, does in no way mean that I believe we have such a com- 
munity pattern or that its absence does not constitute a severe danger. 
Bennington, V't. 


For the Good of Engineers 
From Wiisert E. Moore: 
I thought “The Industrial Way of Life” a very good summary of the 
critical issues facing modern economies, and was especially happy to 
see it published in The Technology Review. It may do the engineers 


some good. 


Princeton, N..J. 





Speed with Economy 


We are now working on 
our 9th contract for 


COLUMBIA BROADCASTING SYSTEM, INC., 


whom we have had the pleasure 


of serving since 1936 


W. J. BARNEY CORPORATION 


101 PARK AVENUE, NEW YORK 


INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett '20, Vice President 

























































—JAMES RUSSELL LOWELL 


Why some things get better all the time 


TAKE THE MODERN ELECTRIC LIGHT BULB, for ex- 
ample. Its parts were born in heat as high as 6,000° F. 
... incold as low as 300° below zero . . . under crush- 
ing pressure as great as 3,000 pounds per square inch. 
Only in these extremes of heat, cold and pressure 
did nature yield the metal tungsten for the shining 
filament .. . argon, the colorless gas that fills the bulb 
... and the plastic that permanently seals the glass 
ees to the metal stem. And it is because 

& t of such materials that light bulbs 

; today are better than ever before. 
The steady improvement of the 
electric light bulb is another in- 
stance of history repeating itself. For man has always 
had to have better materials before he could make 


better things. 


Producing better materials for the use of industry 
and the benefit of mankind is the work of Union 
Carbide. 

Basic knowledge and persistent research are re- 
quired, particularly in the fields of science and en- 
gineering. Working with extremes of heat and cold, 
and with vacuums and great pressures, Units of UCC 
now separate or combine nearly one-half of the many 


elements of the earth. 


NION CARBIDE 


AND CARBON CORPORATION 
—$1g--— 

Products of Divisions and Units include- 
PLASTICS 


ALLOYS AND METALS ° CHEMICALS ° 
ELECTRODES. CARBONS, AND BATTERIES 


INDUSTRIAL GASES AND CARBIDE 





He flicks a switch and hushes a storm 


ANOTHER REASON FOR GOODSYEAR LEADERSHIP 


Sraric is annoying enough on your 
home radio. But you can imagine 
what it means to a pilot who de- 
pends on good communications. 
Clearing up static can be a big step 
forward for the aviation industry. 

Scientists at the Goodyear Re- 
search Laboratory went to work on 
the problem. They have developed 
a Static Limiter for use in planes, 
ships, two-way police radio sets— 
any place where long-range recep- 
tion and transmission of signals are 
mighty important. 

You simply flick a switch and— 
presto! —the static interference is 


practically gone. The Goodyear 
Static Limiter operates on any signal 
level or frequency. It cleans the noise 
pulses out, steps up the power of 
a weak signal and makes it possible 
to receive signals of better tone 
quality. 

Development of the Static Limiter 
emphasizes again the vast variety and 
scope of Goodyear operations . . . 
men and women working in labora- 
tories, factories and offices around 
the world—toward one objective: To 
make Goodyear products better to- 
day than they were yesterday, bet- 
ter tomorrow than they are today. 


A pioneer in rubber and the world’s 
leading builder of tires, Goodyear has 
aiso worked for years in metals, fabrics, 
chemicals, plastics, electronics and in 
many other vital fields . . . always seek- 


ing a better way to serve you. 
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GOOD,*YEAR 


THE GREATEST NAME IN RUBBER 
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“God rest ye, merry gentlemen!” 
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RADIOACTIVE BLOOD CELLS 


ROCKETS IN BATTLE 


PREFACE TO POST-INDUSTRIALISM 


“The old order changeth, yielding place to new” q 
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The Trend of Affairs 


For Tasteless Water 


N abundance of limpid, odorless, tasteless, and minute in quantity as not to taste salty. The procedure 
disease-free water is fundamental to modern civili- followed is to chlorinate water first to accomplish dis- 
zation. And despite the public health axiom “a __ infection, and then to apply chlorine dioxide for removal 

pure water supply is better than a purified water supply,” 
increasing populations have so overtaxed available water Besides being effective against chlorophenols, chlorine 
sources that polluted sources must frequently be used, 
making purification treatment necessary. Chlorination, 
or addition of minute quantities of the element chlorine, 
is the standard method for killing disease germs in water, 
and also serves to destroy, by oxidation, certain of the 
odors and tastes commonly found in contaminated 
waters. However, a number of modern industrial proc- 
esses produce wastes with high concentrations of phenols, 
and dispose of such wastes by discharging them into 
waterways. Phenolic wastes lend unpleasant tastes and 
odors to water containing them; furthermore, when such 
water is chlorinated, these tastes and odors, rather than 
being destroyed, are intensified by formation of com- 


pounds called “chlorophenols.” 


A new method for eliminating tastes and odors from 
waters, especially from those containing phenolic wastes, 
is use of the chlorine derivative chlorine dioxide. This 
compound has over twice the oxidizing power of chlorine. 
In addition, chlorine dioxide, rather than combining with 
phenolic wastes, destroys them. The potentialities of 
chlorine dioxide for taste and odor control were recog- 
nized long ago, but this compound previously could not 
be used in practical water treatment because its extreme 
instability prevents storage and shipment. However, 
when sodium chlorite became abundantly and inex- 


pensively available not long ago, a method was perfected 


for generating chlorine dioxide in water treatment plants 


through reaction of sodium chlorite with chlorine, yield- 


ing chlorine dioxide and sodium chloride. The apparatus 


used is quite simple; continuous flows of solutions of the 
two reagents are mingled in a reaction chamber, and the 
effluent of this chamber is fed into the water mains. The 






























sodium chloride so added, being stable, remains in the 
water, but this salt not only is innocuous but also is so 


of tastes and odors. 


dioxide also has proven useful to combat another trouble- 
some source of tastes and odors — the algae or simple 
water plants that thrive in many reservoirs. Finally, 
chlorine dioxide aids in stabilizing concentration of resid- 
ual chlorine in water mains. Such traces of chlorine are 
maintained in potable waters for the purpose of over- 
coming any infection that may gain access to the water 
between the time it leaves the treatment plant and the 
time it reaches the user. By completely destroying at the 
treatment plant all organic matter present in the water, 
chlorine dioxide prevents such organic material from 
later reducing residual chlorine by reacting slowly with 
chlorine in the water mains. 


Pedagogically Speaking 


HE huge enrollments which all colleges now face 
provide excellent opportunity, as well as a real need, 
to peer into the operations of the educational process, 
to re-examine the foundations upon which rests present- 
day teaching and to improve, wherever possible, the 
effectiveness of pedagogical methods. Such an examina- 
tion is a continual process at the Institute as it is at all 
progressive educational institutions. Engineering educa- 
tion, in particular, is under constant scrutiny, for the 
sole aim of the American Society for Engineering Educa- 
tion is the betterment of pedagogy in the training of 
engineers. Harvard’s “General Education in a Free 
Society ”’ is also indication of the seriousness with which 
the general problem is being examined. 
In spite of such constant and persistent efforts at con- 
tinual improvement, there occasionally arises such a 
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clear-cut statement of objective analysis that it bears 
widespread dissemination. Such were some of the remarks 
made by A. A. Potter, 03, Dean of Engineering at Purdue 
University, at a symposium on engineering education 
held at Princeton University in celebration of that insti- 
tution’s bicentennial. “Teaching,” says Dean Potter, 
“is an art, not a science. As an art, teaching is individual. 
The teacher is a member of an idealistic profession, and, 
like the artist or the musician, does his best work in an 
environment which is pleasant and which frees him from 
worries. The higher the rank of the teacher, the greater 
is his responsibility for true scholarship, and for the 
guidance of others.” 

In judging the effectiveness and ability of teachers 
Dean Potter places stress on the following points: (1) The 
teacher must know his subject thoroughly, thereby in- 
stilling confidence in his students; (2) Through mastery 
of the English language and by speaking so as to be easily 
heard and understood, the teacher must present his sub- 
ject clearly and effectively; (3) He must have certain 
desirable traits of character and personality which com- 
mand respect of his students, and, at the same time, 
inspire them and bring forth their best efforts; (4) His 
general education and cultural background must com- 
mand the respect not only of his students, but also of his 
academic colleagues and neighbors. 

A teacher must be, first of all, a person of character, 
so that he can instill sound character and appreciation 
of ethical standards in his students. It is not enough for 
him merely to purvey known facts about the strength of 
materials or an outline of organic chemistry; character 
development and preparation for good citizenship are 
major objectives of all education. It follows that an 
individual who has low ethical standards has no place in 
an educational institution. One who condones dishonesty, 
deceit or trickery, or one who evades the laws of the land, 
even in spirit, is not a good citizen; he can never be a 
good teacher. A teacher who lacks sincerity, who bluffs 
or exaggerates, is a detriment to any educational insti- 
tution. His cleanliness, dependability, punctuality, ac- 
curacy, mental honesty, industriousness, conscientious- 
ness, and his professional status and cultural attainments 
are easily detectable characteristics of a worthy addition 
to any faculty. Dress and appearance are other means 
by which a good teacher may be judged. 

A teacher’s self-control, optimism, and patience are 
other important indications of his effectiveness; so also 
are his clearness of exposition, his patience, his optimism, 
and his tact. An individual who is sarcastic, conceited, 
snobbish, profane, antagonistic, or, worst of all, one who 
is intolerant, is naturally precluded from being a good 
teacher. His attitude toward ‘his students, his academic 
associates and superiors; the manner in which he speaks 
of the institution he serves and its policies also mark the 
teacher, to his benefit or detriment. Whether the in- 
dividual is really interested in his work or whether he is 
merely a time-server also have an important bearing on a 
person’s relations to his students and his employer. 

Unbounded and contagious enthusiasm is an important 
characteristic of a good teacher. The great teacher ra- 
diates enthusiasm to those about him by the sparkle of his 
eyes or the vibrance of his voice. His students are fasci- 
nated by his general animation and by his interest in the 
subject he teaches. His enthusiasm does not have to be 
judged by visiting his classes. 











Petroleum through Radioactivity 


HILE the original materials which form petroleum 

are generally agreed upon, the method by which 
these compounds were converted from the extremely 
complicated organic chemicals (present in the original 
living matter) into the relatively simpler compounds of 
petroleum is still a subject of much debate. 

Most living matter, both animal and vegetable, is very 
complicated chemically and contains atoms of oxygen, 
nitrogen, and some small amounts of others, in addition 
to carbon and hydrogen. On the other hand, petroleum 
consists largely of carbon and hydrogen and any ex- 
planation of its formation must account for the elimina- 
tion of the oxygen and other elements from the original 
material. 

Recent research into possible mechanisms for this 
transformation has indicated that radioactive energy 
supplied by naturally radioactive materials may have 
been the cause of the change. By subjecting organic 
materials containing oxygen atoms in their make-up to 
the action of particles from the cyclotron beam or from a 
radioactive substance, such as radon, it has been found 
possible to remove the oxygen atoms from the larger 
molecule and transform it into a simpler hydrocarbon 
such as is found in petroleum. 

Thus far the workers in this field have confined them- 
selves to simple organic acids and have had considerable 
success in changing these compounds into hydrocarbons 
by removal of the oxygen in the form of carbon dioxide. 
The original compounds have been subjected to the 
action of radium emission and to the action of the beam 
from the cyclotron. The radium emission lends itself 
more readily to quantitative experiment but the greater 
amount of energy available from the cyclotrons has en- 
abled them to process larger amounts of material and to 
achieve a conversion, from the original compound, of as 
high as three per cent. These conversion figures mean 
relatively little because a conversion of only one per cent 
of the organic matter in the earth around an oil pool is 
sufficient to account for all the oil present. 

The work has now progressed to the point where it is 
planned to take samples of the earth from what is be- 
lieved to be a potential oil pool, extract the organic 
matter from it, and subject this to the action of the cyclo- 
tron beam. None of this has yet been done but by reason- 
ing from previous successful experiments there is every 
cause to believe that a substantial portion of the or- 
ganic material will be converted into heavy hydrocarbons 
greatly resembling crude oil. 

Speculation concerning this work leads immediately 
to the interesting possibility that a solution of this nat- 
urally occurring material might be used as a coolant in a 
uranium-plutonium pile and thus be subjected to radiant 
energy of a type and intensity sufficient to convert some 
of it into hydrocarbons. While this speculation is not 
necessarily idle it is far removed from actual fact. It is, 
however, an indication of the possibilities which may 
some day be achieved through large-scale exploitation of 
controlled atomic energy. 

At present it is considered of more importance that this 
work lead to a greater knowledge of the mechanism of the 
formation of petroleum and by use of this knowledge 
enable man to search out existing deposits in a more 
intelligent and successful manner, 
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and Ros tey D. Evans 


Radioactive 


Blood Cells 


Physics Aids Medical Research in War Program Leading to New 


Methods of Transporting, Storing, and Preserving Whole Blood 


JR the past 12 years, nuclear physicists have been 
able to produce in their laboratories a slow release 
of usable amounts of atomic energy by transmuting 

stable atoms of the ordinary chemical elements into 
artificially radioactive forms of the same or different 
elements. The atom-smashing experiments of the physi- 
cists, carried out in many laboratories throughout the 
world in a co-operative quest for a better understanding 
of nature, have produced a new scientific tool, artificial 
radioactivity, which already has found wide applications 
in all fields of science and technology. 

Biologists and physicians quickly saw that many of 
their unsolved problems might yield to attack with this 
new tool. Physicists took time out from their studies of 
fundamental problems in nuclear physics to collaborate 
with workers in the life sciences in basic studies of the 
process of living. In the hands of these teams of scientific 
investigators in the physical and biological sciences, the 
use of artificiai radioactivity has resulted in a series of 
medical discoveries and in the development of new 
therapeutic techniques which already during the war 
have saved many thousands of lives. 

The use of atomic energy did not interest statesmen or 
congressional committees in the 1930’s when these dis- 
coveries were being made, But the sober truth is that 
through medical advances 


turn of the century. This made it possible to select donors 
whose cells were compatible with the blood of the patient, 
without danger of reactions. The methods used were 
direct methods, that is, the blood was transferred directly 
by various means from the donor into the recipient’s 
blood vessels, without the use of an anticoagulant. Blood 
transfusion was a surgical procedure requiring trained 
teams and careful attention to asepsis. The introduction 
of the use of sodium citrate as an anticoagulant in 1915 
avoided the hazards of clotting in the interval between 
drawing and administering blood, and yet permitted the 
observance of aseptic precautions. 


Blood Preservation of Recent Origin 


The first successful preservation of human whole blood 
was accomplished in 1916 by Rous and Turner ' by the 
addition of dextrose to the sodium citrate anticoagulant. 
This solution was used to a limited extent in World War 
I by Robertson,? but during the interval between the 
two world wars, the majority of blood transfusions given 
in this country and in England were of freshly drawn, 
citrated blood. It was not until 1937, with the advent of 
economical mechanical refrigerators, that the first blood 
bank was established in this country. Blood was taken in 
simple citrate solution, and was kept for only a few days. 
Interest in better blood 





alone, atomic energy has 
already saved more lives 
than were snuffed out at 
Hiroshima and Nagasaki. 

One example of a co- 
operative team attack by 
physicists, physicians, and 
radiochemists is in the ap- 
plication of radioactive 
iron to fundamental studies 
of the behavior of human 
red blood cells, and to the 
war-medical problem of 
preserving whole blood 
during and after shipment 
half way around the earth. 





About 63 per cent of the Pacific casualties (more than 
100,000 persons) received blood furnished by donors in 
the United States and supplied under the program re- 
ported in this article. The dating period was 21 days, but 
in routine use at Guam the Navy found it possible to use 
blood up to 28 days for military casualties, and for as 
much as 35 to 40 days for civilian cases in the Philip- 
pines. Such practice is not followed except under unusual 
cases, but the Navy’s experience illustrates the success of 
the program conducted by members of the Committee on 
Medical Research, Office of Scientific Research and 
Development. It also illustrates the benefits which may 
accrue when two branches of science join hands in 
co-operation to meet man’s needs. 


preservation than could be 
obtained with citrate solu- 
tions was awakened in the 
years immediately preced- 
ing World War II, and 
greatly accelerated by the 
actual advent of hostilities. 
As casualties in the Med- 
iterranean Theater mounted, 
it became obvious to the 
commanding medical offi- 
cers that plasma, which 
had been relied upon en- 
tirely for the replacement 
of lost blood, could not 
replace lost red cells. Whole 








This work could not possi- 
bly have been concluded successfully by physicists alone, 
or by physicians alone, but by intimate co-operation 
between workers in several widely different fields of 
science, results of fundamental importance in medicine 
were quickly achieved. In developing and applying the 
physical methods, physicists found solutions to several 
problems in pure nuclear physics as well. 

The modern era of blood transfusions was ushered in by 
the discovery of human blood-cell groups at about the 





blood was necessary for 
the prevention and treatment of shock, since all wounded 
men suffer varying degrees of external or internal hem- 
orrhage. During the early days of fighting the practice 
had been to obtain blood from donors in rear echelons for 
treatment of troops in base hospitals or for advanced 


1 Rous, P., and Turner, J. R. “The Preservation of Living Red Blood 
Cells in Vitro,” Journal of Experimental Medicine, 23:219 (1916). 

2 Robertson, O. H. “Transfusion with Preserved Red Blood Cells,” 
British Medical Journal, 1:691 (1918). 
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hospitals. This constituted an unnecessary and some- 
times dangerous drain on the health of supporting per- 
sonnel. Furthermore, it did not seem possible that the 
increasing demands could be met from the civilian popu- 
lation in the British Isles. 

The obvious large source of whole blood was the United 
States, but to obtain this blood required transportation 
across the Atlantic. This, in turn, necessitated preserva- 
tion for a period of at least three weeks, in view of the 
uncertainties of transportation and the delay incident to 

distribution to front areas. 

Among the earliest workers in America in the field of 
blood preservation was DeGowin,' of the University of 
Iowa. This worker modified the original Rous-Turner solu- 
tion, and observed clinically that the addition of dextrose 
to sodium citrate prolonged preservation considerably. 
Subsequent work by British workers, Loutit, Mollison, 
and Young,‘ had revealed the fact that acidification of the 
solution by means of citric acid further improved blood 
preservation. 

While the beneficial effects of dextrose and acidification 
were recognized, the necessary facts upon which 
to base a military overseas blood program were, 
in the main, not known in 1940. The rate at 
which cells deteriorated during storage, even in 
the best solutions, had not been satisfactorily 
determined. The rate at which these deteriorated 
cells broke down in the recipient was not known, 
and the degree of hemoglobinemia to be ex- 
pected following a transfusion of blood of a given 
age was a matter of conjecture. The ability of the 
individual to handle large amounts of plasma 
hemoglobin was an uncertainty, although the 
association of hemoglobinuria and renal damage 
was recognized. There was no knowledge of the 
degree of normal functional activity retained by 
those cells not rapidly eliminated after trans- 
fusion, nor to what extent the blood-building 
substances of the destroyed cells would be re- 
utilized. The effect of mechanical agitation inci- 
dent to transportation on survival of cells was 
unknown. Refrigeration was considered neces- 
sary, but optimal storage temperatures had not 
been determined. The extent to which cells would 
remain viable in any solution for a given time 
under conditions of transportation and refrigera- 
tion was unknown. And finally, no one could say just 
how a normal, or more important, a seriously wounded 
human, could withstand an improper transfusion. There- 
fore, the standards of acceptable transfusion of stored 

? DeGowin, E. L., Harris, J. E., and Plass, E. D. “Studies on Pre- 
served Human Blood. I. Various Factors Influencing Hemolysis,” 
Journal of the American Medical Association, 114:850 (1940); “II. 
Diffusion of Potassium from the Erythrocytes during Storage,” Journal 
of the American Medical Association, 114:855 (1940). 

DeGowin, E. L., Harris, J. E., Bell, J., and Hardin, R. C. “Osmotic 
Changes in Erythrocytes of Human Blood during Storage,” Proceedings 
of the Society of Experimental Biology and Medicine, 49:484 (1942). 

DeGowin, E. L., Hardin, R. C., and Swanson, L. W. “Studies on 
Preserved Human Blood. IV. Transfusion of Cold Blood into Man,” 
Journal of the American Medical Association, 14:859 (1940). 

DeGowin, E. L., and Hardin, R. C. “Studies on Preserved Human 
Blood. VI. Reactions from Transfusion,” Journal of the American 
Medical Association, 115:895 (1940). 

*Loutit, J. F., Mollison, P. L.. and Young, I. M. “Citric Acid- 
Sodium Citrate-Glucose Mixtures for Blood Storage; Report to Medical 
Research Council from Southwest London Blood Supply Depot,” 
Quarterly Journal of Experimental Physiology, 32:188 (1943). 





blood or the maximum safe period of storage could not be 
defined. 

Numerous in vitro tests had been applied to the study of 
blood preservatives. Changes in osmotic fragility of the 
stored red cells, changes in the cellular dimensions, and 
the rate of hemolysis of cells during storage, had all been 
measured. There was, however, no general agreement 
that these observed in vitro characteristics bore any 
relation to the extent to which these changes were 
reversible when the cells were returned to the blood 
stream. It therefore became necessary to make direct 
in vivo measurements of the post-transfusion survival of 
stored human erythrocytes. 

Such direct studies had been made by the agglutination 
test of Ashby.’ In this method, Group O cells are 
administered to a Group A recipient. A sample of the 
recipient’s blood is then treated with anti-A or anti-B 
sera, which agglutinates the recipient’s A cells. The 
residual unagglutinated O cells are then counted by 
the ordinary blood-counting techniques, and the percent- 
age of transfused cells which survive after transfusion is 





Temperature-sensitive element of the recording thermometer fixed in position 
in proximity to bottles of whole blood for aerial transportation. Note the 
dioxane indicators fastened to the bottle necks. 


thus directly measured. The technique is laborious, and 
there are several inherent sources of error. 


Radioactive Iron Traces Blood Cells 


Since early in the course of the war, a group of physi- 
cians at the Harvard Medical School, and physicists of 
the Department of Physics at M.I.T. had been working 
under contract with the Office of Scientific Research and 
Development, conducting experiments to follow the 
course of the blood volume in experimental and clinical 
shock. The techniques employed utilized two radio- 
active isotopes of iron, and were based on the observation 
of Hahn * that, when intravenous radioactive iron is 

5 Ashby, W. “The Determination of the Length of Life of Trans- 
fused Blood Corpuscles in Man,” Journal of Experimental Medicine 
29:267 (1919). 

* Hahn, P. F., Ross, J. F., Bale, W. F., and Balfour, W. M. “Red 
Cell and Plasma Volume (Circulating and Total) as Determined by 
Radio Iron and by Dye,” Journal of Experimental Medicine, 75:221 
(1942). 
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administered to a donor subject, the iron becomes in- 
corporated in the hemoglobin molecule as it is synthe- 
sized within the developing red cells. As these cells 
mature and are delivered to the circulating blood stream, 
their presence may be detected as long as those cells 
remain intact within the circulation. Thus, these tagged 
cells could be injected into a recipient, and if they were 
perfectly preserved, their observed dilution would serve 
as a basis for measuring the recipient’s circulating red- 
cell volume. It soon became apparent that in addition to 
measuring red-cell volume, the method easily could be 
adapted to the measurement of the actual survival of the 
transfused cells themselves. 

A radioactive form of iron, Fe®’, emitting beta rays 
and having a half period of 47 days, is formed by the 
transmutation of cobalt metal through neutron bombard- 
ment. In the course of this work a new radioactive isotope 
of iron, Fe®, was produced by the transmutation of man- 
ganese through deuteron bombardment. This new isotope 
has a half period of about five years, and in its radio- 
active decay the atomic nucleus of Fe® captures one of its 





Rugged refrigerators were required to assure the safe transportation of whole 
blood by air. How well the experimental model survived the round trip between 


Boston, Mass. and Oakland, Calif. is shown here. 


orbital atomic electrons to form a stable atom of man- 
ganese. This radioactive transition gives rise only to the 
emission of the soft characteristic x-radiation of man- 
ganese, whose energy of only 5.9 kilovolts gives it very 
little penetrating power and renders detection difficult. 

New types of Geiger-Miiller counters were developed, 
to afford optimum detection sensitivity for Fe® and at 
the same time to give substantially no response to the 
beta rays of Fe®®. Conversely, other counters were de- 
veloped which respond only to Fe®®, and not to Fe®. 
These new instruments, together with automatic sample 
changing apparatus, made it possible to use both isotopes, 
Fe and Fe®*, in the same experimental subjects. Thus, 
one isotope was used to measure the normal red-call 
volume of a subject, and the other isotope was em- 
ployed to measure the degree of survival of transfused red 
cells in the same individual. Thus, each individual acted 
as his own biological control. Both forms of radioactive 
iron, Fe® and Fe**, produced by the M.I.T. cyclotron, 
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were purified radiochemically and synthesized into ferric 
ammonium citrate. 

When radioactive ferric ammonium citrate is injected 
intravenously into animals or humans it is rapidly re- 
moved from the blood stream. A large portion of the iron 
is retained in the body tissues concerned with iron 
storage. Hahn et al’ gave ferric ammonium citrate to dogs, 
and assayed liver and spleen for both ferritin and radio- 
active iron, and found a relatively high level of radio- 
activity in the ferritin iron. It therefore seems highly 
probable that the radio-iron becomes intimately mixed 
with all of the body iron stores which are present at the 
time of the isotope injection, and hence is made available 
for hematopoietic needs. 

It is generally believed that hemoglobin is “laid 
down” inside the developing erythrocyte. If some of the 
iron atoms involved in this synthesis are radioactive, a 
proportionate number of them will become an integral 
part of the new hemoglobin molecule within the newly 
developed cell. When the cell is released into the circula- 
tion, its presence in the blood stream can be detected 
as long as it remains morphologically intact. 
When the tagged red cell is destroyed, its hemo- 
globin derived iron is very rapidly removed from 
the plasma, to be re-used, to some extent at least, 
in the synthesis of new hemoglobin. 

In general, each red cell contains approxi- 
mately 0.1 per cent iron, or about a thousand 
million atoms of iron. In the radioactive donors, 
between one and ten of these iron atoms contains 
a radioactive nucleus, although the vast major- 
ity of the iron atoms in each red cell are ordi- 
nary stable iron atoms. 

It has been demonstrated experimentally that 
there is no exchange of the radioactive iron in the 
red cells, either with plasma in vitro or in vivo, or 
with saline in vitro. Thus the method differs in 
important respects from the labeling of red 
blood cells by absorbed carbon monoxide or by 
adsorbed radioactive phosphorus. It furnishes a 
specific method of detecting the advent of new 
red cells, and to a certain extent, of following 
their fate in the circulation, and the disposition 
made of their contained iron. 

The normal human erythrocyte is thought to 
have a life expectancy of about 100 days. Within 
this period it is possible to estimate the age of the oldest 
tagged cell in the circulation of a subject who has been 
given radio-iron. When these cells are removed from 
circulation some part of their contained radio-iron will 
eventually re-enter the circulation in the hemoglobin of 
new cells. If this “turnover” be allowed to continue for a 
sufficient period of time, the tagged cells will be of all 
ages from birth to death, or representative of a “mixed 
age population” of cells. The administration of the 
alternate radioactive isotope of iron at such a time will 
result in the production of new cells, the presence of 
which can be differentiated from the presence of “mixed 
age cells.” Thus the behavior of young and old cells may 
be studied in the same subject. 


7 Hahn, P. F., Granick, S., Bale, W. F., and Michaelis, L. “ Ferritin: 
VI. Conversion of Inorganic and Hemoglobin Iron into Ferritin Iron in 
the Animal Body. Storage Function of Ferritin Iron as Shown by 
Radioactive and Magnetic Measurements,” Journal of Biological 
Chemistry, 150:407 (1943). 
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The use of radioactive iron 
in the blood stream was 
given long and careful con- 
sideration. Radioactive iron 
(Fe®) administered to the 
donors was prepared as ferric 
ammonium citrate. Since the 
radio-iron was of very high 
specific activity, it was pos- 
sible to obtain very high 





Average blood consumption is about one pint per 
casualty. At Okinawa, for example, 42,000 pints of 
blood were used for 42,500 casualties. In individual 
cases, however, the amount of blood transfused may 
greatly exceed the average. The record appears to be 
held by one man who was given 30 pints of blood in 
48 hours; a second man received 12 pints in 12 hours, 
and a third, 41 pints in 38 days. 


recipients received transfu- 
sions of tagged cells. These 
subjects have been followed 
for a minimum of one year 
and as long as five years, and 
none of them has shown any 
effects which can in any way 
be attributed to radiation. 
Their blood picture has re- 
mained normal, and regen- 








radioactivity levels in the 

donor’s red cells by the administration of extremely small 
quantities of iron (as little as one milligram) and it 
required only from 10 days to two weeks to activate a 
donor. Using sterile precautions the donor was then bled 
into the preservative solution under investigation. This 
blood was then stored under varying conditions of 
temperature, and for varying lengths of time, before 
being transfused. Just prior to the administration of these 
stored bloods, the recipient’s circulating red-cell volume 
was determined by means of a small infusion of red cells 
tagged with Fe**. The preserved cells were then ad- 
ministered, and samples were withdrawn for radio- 
activity analysis. Since the recipient’s pre-transfusion 
circulating red-cell volume had been measured, and since 
the quantity of transfused stored red cells tagged with 
Fe®, as well as the activity of these cells, also was meas- 
ured, the percentage of post-transfusion survival could 
be simply calculated from the Fe® radioactivity level of 
the recipient’s blood. If the stored cells had been well 
preserved, the great majority of them remained in the 
recipient’s circulation, as evidenced by the fact that the 
recipient’s radioactivity level did not appreciably change 
during the course of observation, which in some instances 
was prolonged for as much as 21 days. If the stored cells 
were poorly preserved, the recipient’s radioactivity red- 
cell level progressively fell, at varying rates, reaching a 
low point usually within the first 24 hours after the 
receipt of the transfusion. This low point was used in 
computing the maximum survival of the preserved cells. 
Thereafter the recipient’s red-cell radioactivity almost 
invariably rose. Since the only source of radioactivity was 
the tagged blood which had been given, it was apparent 
that this rise represented a re-utilization of the hemo- 
globin iron released from the cells which had not survived. 
These observations had no direct bearing on survival, but 
were important in the final evaluation of blood trans- 
fusion as a therapeutic measure. 

All recipients and donors were carefully blood grouped. 
The majority of the donors were Blood Group O, and 
the recipients were of all four blood groups. All donors 
and all recipients were Rh positive.* All bloods were 
carefully cultured prior to administration. A few reactions 
occurred, characterized by chills and fever, and it was 
thought that these were due to accidental contamination 
of the blood with pyrogens, since no bacterial contamina- 
tion was demonstrated. There were mild reactions 
characteristic of massive destruction of blood cells in 
those experiments in which extremely old bloods had 
been administered. None of the donors, however, showed 
any results which could be attributed to the effects of 
radiation of the isotopes administered. In the course of 
this work, 60 donors were prepared and almost 200 

* A popular explanation of this term has been given in the article, 
“Rh Factor” Life magazine, June 10, 1946, pp. 139-145. 


eration of blood withdrawn 
from the donors has occurred at normal rates. 

This method offers a very accurate measure of the 
percentage of transfused stored cells which resume their 
full functional capacity and remain intact in the re- 
cipient’s blood stream for the residue of their normal life 
expectancy of about 100 days. The accuracy of the method 
is dependent in a large measure on the use of two isotopes 
of iron, the first, Fe**, for the measurement of the re- 
cipient’s red-cell volume, and the second, Fe, for 
tracing the actual fate of stored human erythrocytes 
after transfusion. 


Survival of Blood Cells 


In addition to studying the fate of red cells stored and 
administered as whole blood, experiments were conducted 
to determine the post-transfusion survival of red cells 
from which the plasma had been removed by centrifuga- 
tion. In the early experiments various diluents were 
added to these packed cells immediately after centrifug- 
ing, in the hope that a suitable solution for the preserva- 
tion of red cells only could be found. This was very 
desirable, since at the time the American Red Cross 
blood program was in operation in many large cities in the 
country. This blood, it should be recalled, was taken 
primarily for plasma, or for fractionation of plasma, and 
at no time during the war was any considerable use made 
of the residual red cells. 

A large number and variety of preservative solutions 
both for whole blood and resuspended cells were studied 
by the techniques described above. These may be classi- 
fied as follows for whole blood: (1) Simple solutions of 
sodium citrate. (2) Sodium citrate solutions to which 
dextrose had been added. These solutions remain alkaline. 
(3) Sodium citrate solutions to which dextrose and 
phosphate buffer solutions had been added. These 
solutions also are alkaline. (4) Sodium citrate solutions to 
which dextrose and citric acid had been added, the latter 
in amounts to lower the pH to 6.8 and 5.0. The ratio of 


diluent to whole blood taken varied considerably in the 


alkaline sodium-citrate-dextrose solutions but was much 
lower in the acidified citrate solutions. The solutions for 
resuspension of red cells were as follows: (1) Normal 
sodium chloride. (2) Citrate-sodium-chloride solutions 
buffered with phosphates and hydrochloric acids of 
pH’s ranging from 6.8 to 3.8. (3) Sodium-citrate, sodium- 
chloride dextrose solutions to which a human globulin, 
Fraction IV-3, 4, had been added. (4) 10 per cent corn 
syrup. (5) Solutions, consisting of various concentrations 
of sodium chloride and dextrose, which were added just 
prior to the transfusion of the red cells after they had 
been stored in the refrigerator as packed cells. 

In the whole blood experiments it was found that simple 
sodium citrate did not permit preservation of red cells for 
a period beyond five days. Two (Continued on page 124) 
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Rockets 


in 
Battle 


By Witty Ley 









Acme Photo 


Modern version of rockets in battle is this photograph illustrating British antiaircraft rocket pro- 
jectors used in 1944 to keep German bombers from completing assigned missions over England. 


FTER centuries of painstaking development, restricted 
for long periods by the technological limitations 
of the times, progress in rockets took a big step 

forward during World War II. Although military neces- 
sity was the incentive for this progress, the knowledge 
gained is, of course, equally applicable to the furtherance 
of man’s civilian objectives if he but chooses to direct 
his efforts into such channels. Certainly it is to be antici- 
pated that the progress in the efficiency of propellants, 
in aerodynamical stability, in increased range and preci- 
sion of flight which has recently been attained, will 
further man’s peaceful, rather than military, affairs. 
Since the past proclaims the future, the most effective 
way of assuring the furtherance of such objectives begins 
with a review of previous development and applications, 
for warfare as well as for amusement, through which 
reaction-propelled missiles have already, passed. 

Memorialized in our national anthem, “the rockets’ 
red glare”’ is not merely a figure of speech, despite the 
limited use of rockets during the past century. The reason 
why World War II brought about a new realization of the 
importance of these airborne devices is merely that it 
gave the first example in more than a century in which 
rocket projectiles played an important role. The Russians 
used several types of bombardment rockets, at least one 
of them manufactured in Tennessee; the British had their 
Z-guns throwing rockets against German bomber forma- 
tions; in addition to the long-range rocket A-4 (V-2), the 
Germans had several types of Nebelwerfer and Wurfgeréit 
and dozens of experimental types. In addition to the well- 
known bazooka, our own fighting forces had a total array 
of 24 types of rockets, the biggest weighing some 1,200 
pounds. Their characteristics are summarized at the end 
of this article. 


(9 


The use of rockets as weapons of war represents a re- 
vival of earlier military techniques. Even that term is 
somewhat too weak in one respect: Revival somehow im- 
plies a second time; actually, World War II was the cause 
for the third wave of war rockets in military history. The 
first wave followed soon after the invention of the rocket, 
about 1200, and lasted, with sporadic applications, for 
about two centuries. During the second wave, which be- 
gan at the end of the Eighteenth Century and lasted for 
about two decades, the well-known lines in our national 
anthem were written. The third wave comprises World 
War IT. Between 1813 and 1940 there had been no major 
use of war rockets. A few occasional applications did take 
place during this interval, but these were more of a curi- 
osity than an indication of a trend. In fact, what use was 
made of rockets in the century of this country’s greatest 
development seemed to indicate that the trend ran the 
other way. The Nineteenth Century war rocket appeared 
to be the last survival of the second wave of development, 
a last hissing flickering of a past glory. It was as ana- 
chronistic in the art of war of 1866 or of 1915 and 1916 as 
the mammal platypus and the fish Latimeria are to the 
zoology of 1946. 


Rocket Origins 

There is no need to devote much time or space to the 
first wave of war rockets. Historical research has shown 
that the rocket was invented in China around the year 
1200. Indications are that the first rocket was developed 
gradually from the fire arrows by substituting gunpow- 
derlike mixtures for other kinds of incendiaries formerly 
attached to fire arrows. This, at least, is how the French 
Sinologist, St. Julien, read the Chinese chronicle in ques- 
tion. According to his translation three “secret weapons” 
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Drawings from the sketchbook of the Italian “war engineer” 
Joanes de Fontana, about 1420. The top diagram illustrates a 
rocket-propelled car with detail sketches indicating that three 
rockets are to be used. A rocket-propelled naval torpedo, painted 
as the head of a sea monster, “to deceive the enemy” is shown in 
the center. The bottom sketch shows a piece of board forming the 
stabilizing tail of the torpedo in the manner of a kite tail. Pre- 
sumably the dagger forced through the board is to indicate that it 
is made of wood. 
made their appearance simultaneously during that famous 
siege. One of them was a bomb, a powder-filled, metal 
container which was lowered by means of chains from the 
walls of the city. The second was a spear with a crude 
Roman candle tied to its tip and appropriately named 
“the lance of the storming fire.” The third secret weapon 
was the “arrow of flying fire” which was stated to “sud- 
denly fly away in a straight line.” The third weapon 
obviously was a weapon similar to a fire arrow and rocket, 
but more nearly resembling the latter. 

Some 20 years later, war rockets were known to the 
Arabs and, almost simultaneously, to the Europeans. 
The chronicle of the city of Cologne (for the year 1258) 
mentions them, and several writers of that time, including 
such famous clerics as Roger Bacon and Albertus Mag- 
nus, made reference to rockets in their works. Regarding 
what we now call tactical employment, the descendant 
continued the work of its ancestor; rockets were used in 
the same manner as the older fire arrows; in fact, they 
were often used in conjunction with fire arrows. 

By 1550 rockets had lost much of their military value 


and were used primarily as fireworks for amusement only. 
As a weapon they survived only at sea, where the tarred 
rigging of the sailing vessel offered a rather large and 
easily inflammable target. War rockets might still be a 
neglected possibility had it not been for the princes of 
Mysore in India who, almost two centuries ago, ordered 
their artisans to increase the size of fireworks rockets 
and then set about to train special units of their extensive 
bodyguards in the use of such rockets. When the British 
attacked the Indian city of Seringapatam just before the 
dawn of the Nineteenth Century, the war rockets of the 
princes of Mysore dealt them a crushing reverse. The 
British, it seems, had learned that the thundering sweep 
of a massed cavalry attack was the simplest means of 
crushing native resistance. But horses were vulnerable to 
the flashing streaks of oncoming rockets, and they shied 
from the violent roar which often resembled the groans 
of a gigantic animal. 


Breakdown of Trade Secrets 


When the news of the Indian war rockets reached 
England, William Congreve, a young artillery officer, 
made the rounds of London shops, trying to purchase 
rockets. He found some, made presumably for signaling 
purposes, examined them carefully, and then fired them 
in order to establish their performance. The range of the 
English rockets was between 500 and 600 yards, less 
than half that of the Indian war rockets, but the exami- 
nation had shown that improvements were possible. 
After some work, in the course of which Congreve dis- 
covered and partly discarded most of the trade secrets 
which the fireworks makers had guarded so jealously, he 
produced rockets with a range of about 2,000 yards, more 
than enough to compete with most of the artillery of 
that day. 

In 1805 the improved rockets were demonstrated for 
the first time, but they were not successful in actual use 
later in the same year. The initial failure seems to have 
been merely the result of poor employment and small ex- 
penditure, for only one year later Congreve’s war rockets, 
equipped with incendiary warheads, set afire a large 
section of Boulogne. Another year later, in 1807, a mass 
use of 25,000 rockets caused Copenhagen to burn to the 
ground. 

Danzig was forced to surrender in 1813 because Con- 
greve rockets set the food stores afire, and the big battle of 
Leipzig, which sealed Napoleon’s fate, also saw British 
war rockets in effective action during the preliminary 
maneuvering. 

Congreve himself was elated. He called his rockets “the 
soul of artillery without the body” and wrote several 
treatises extolling their virtues. These treatises now read 
very much like the more recent explanations on the 
advantages and disadvantages of rocket fire which were 
written for civilians during World War II. Round for 
round, rockets were noticeably heavier than other ammu- 
nition, but they did not need heavy artillery pieces for their 
firing. They could be launched from light metal tubes, 
even from wooden launching racks if necessary, and, if 
everything else failed, temporary makeshifts, assembled 
on the battlefield, could be used. Furthermore, a much 
higher density of fire could be achieved for short inter- 
vals of time than with guns of any type. The complete 
absence of recoil is another valuable characteristic of 
rockets which Congreve used to advantage, firing rockets 
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from special, and rather small, rocket boats which could 
not have carried guns.! 

The advantages of war rockets could not be realized 
as fully in Congreve’s time as they could be realized a 
century later. Even in the early Nineteenth Century, 
however, a variety of uses were apparent, as can be seen 
from the tabulation of rockets manufactured in the 
British arsenals. 

The tactical use of rocket weapons was in the hands of 
the Rocket Corps, an independent branch of the British 
services. Austria, Greece, and Russia followed suit by 
creating similar independent rocket corps. Denmark, 
Egypt, France, Italy, the Netherlands, Poland, Prussia, 
Sardinia, Spain, and Sweden created rocket batteries 

1In World War II, the absence of rocket recoil was utilized to build 


airplanes with firing power considerably greater than that obtainable 
from the more usual ordnance. 


British rocket boats, 1816 





which were part of their artillery. The Swiss Rocket 
Corps was intended to be independent and was nicely 
organized down to the smallest detail, but only on paper. 
The United States Army had rocket batteries, too; mili- 
tary historians in Washington are still hunting through 
archives in an attempt to find out whether they were inde- 
pendent or classified as artillery batteries. 


The Decline of Rockets 


The organization of rocket corps in the countries enu- 
merated above took time. It took even more time to 
manufacture rockets (although many countries bought 
them from Great Britain) and to get down to tests and to 
target practice. When things had progressed to this 
point, it dawned on those in charge that the artillery 
had made such mighty strides in the meantime as to 
make rockets superfluous. The new guns outranged the 





Weight and Designation 


42-pound Carcass Rocket* Large: 18-pound carcass 


Small: 12-pound carcass 
42-pound Shell Rocket 


32-pound Carcass Rocket Large: 18-pound carcass 


Small: 8-pound carcass 
32-pound Shell Rocket 
32-pound Case Shot Rocket 


9-pound spherical bomb 
Large: 200 carbine balls 
Small: 100 carbine balls 
32-pound Explosive Rocket 


12-pound Case Shot Rocket Large: 72 carbine balls 


Small: 48 carbine balls 


Flare Rockets With parachute 





Early Nineteenth-Century Rockets Manufactured by British Arsenals 


Type of Projectile Carried 


Large: 12-pound spherical bomb 
Small: 514-pound spherical bomb 


Medium: 12-pound carcass 


5-12 pounds of gunpowder 


* The now fairly obsolete term ‘“‘carcass” refers to a thin-walled metal container filled with incendiary substances. In the case of the 
Congreve rockets, the incendiary material produced a biting and choking smoke prohibiting the approach by would-be fire fighters. 


Elevation 
Extreme Range for Extreme 
(Yards) Range 
(Degrees) 
3,000 60 
2,000 60 
2,500 55-60 
3,000 55 
3,000 50 
2,500 55 
3,000 50 
2,500-3,000 55 
2,000 45 
2,500 45 
90 





























Improved war rockets as proposed 
by Montgéry in his book Traité 
des fusées de Guerre (1825). The 
upper diagram shows a_ rocket 
with an explosive charge in a 
fairly heavy metal casing with 
driving charge contained in the 
tube serving as a guiding stick. A 
ridge running around this tube 
was supposed to impart rotation 
about the longitudinal axis. The 
lower diagram shows a war rocket 
in which the guiding stick is also 
tubular and contains a charge of 
powder and lead balls. It seems 
unlikely that such rockets were 
actually tried. 








rockets considerably, and they offered the additional 
advantage of being much more accurate. In all the 
enthusiasm about Sir William Congreve’s new weapon 
(the “‘Sir,”’ like the “‘General,” was a late addition to his 
name), the inherent drawbacks of rockets had been 
overlooked. 

Rockets were not quite as safe to handle as guns, they 
deteriorated much more rapidly in storage than artillery 
ammunition, and they were not accurate. At first, both 
guns and rockets had been equally inaccurate. Now guns 
were less inaccurate than before, and at that time every- 
body wanted accurate fire against single enemy units. 
The concept of area beating was the last tactical thought 
that would occur to any officer. It was probably not even 
gentlemanly to think of such a method. 

The many rocket corps were quietly disbanded. The 
Austrian Corps had the longest life but followed the way 
of all the others after it had produced a rather miserable 
performance against the Prussians in 1866. Some two 
dozen formerly secret treatises were quietly declassified 
and began to appear on the general library shelves under 
“military.” The Civil War was fought without rockets. 

The British kept war rockets with solid steel heads on 
the list of issue weapons. They were issued only to the 
Colonial Services who did not know what to do with them. 
It seemed that war rockets might be good for incendiary 
purposes, but there are in print reports of colonial offi- 
cers relating that such rockets, fired at native grass huts, 
penetrated without igniting them. Once again the value 
of rockets was reduced to the level of fireworks. 

During World War I only one serious military applica- 
tion of rockets was made. French pilots used large, naval, 
signal rockets to set afire German captive balloons which 
served as artillery observers. That was all. 


Fashion and Technology 


There can be little doubt that to a certain extent the 
rather extreme fluctuations of rocket popularity were 
due to something which, for want of a better term, may 
be called fashion. Certainly there were instances in which 
the proper use of rockets might have shortened wars. Dur- 
ing the Civil War, Atlanta would have been less of an ob- 
stacle to Sherman if some 20,000 Congreve rockets had 
been at his disposal. In the Franco-Prussian war of 1870- 
1871 several situations arose in which Congreve rockets 


could have played an important role. Certainly it would 
not have required much work during World War I to 
utilize an adaptation of the French signal rockets for 
ground strafing and possibly even for antisubmarine use. 

The greater part of those curious fluctuations of the 
rocket’s history can be traced to technological causes. 
Again, the smaller part of the technological causes has 
to be sought in the technology of the artillery weapons. 
Twice in the course of history firearms experienced a 
period of considerable improvement just at the time 
when war rockets were advocated and in use. Even World 
War II offers such an example: The war rocket was 
employed for uses in which the absence of recoil was the 
main consideration and the comparative lack of accuracy 
could be accepted because no more accurate recoilless 
weapon was available. It is not unreasonable to believe 
that the modern recoilless gun will replace rockets in 
such applications. 

The main reason, however, for the periodic reappear- 
ance of the war rocket was the technological improve- 
ment of the rockets themselves. An examination of 
methods of manufacturing rockets will indicate why the 
Congreve rockets, highly useful for several years, lost 
their advantage when manufacturing limitations pre- 
vented further technological improvement. 

We do not know how the rocket makers of the period 
between 1250 and 1350 made their rockets. We can only 
surmise that they made the best gunpowder they knew 
how and stuffed it into their casings as tightly as they 
could. The Chinese, we know, used bamboo for those 


casings; a German manuscript dated 1405 stated that, 


the casing was a tube of stiff leather. 


Rocket Manufacture 


By about the year 1500 rocket manufacture had settled 
down to a routine. The propellant was a black-powder 
mixture of the following recipe: First, gunpowder was pre- 
pared by mixing six parts (by weight) of saltpeter with 
one part each of charcoal and of sulphur. The finished 
gunpowder was then carefully mixed with another two 
parts of charcoal to decrease its burning speed. The casing 
was made of many layers of thin paper pasted together 
in the form of a hollow cylinder. While still wet, the casing 
was choked by means of a soaped string applied from 
the outside, to produce a constriction in the cardboard 
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tube so that it resembled an hour glass. Two wooden plugs 
with rounded ends prevented the pasteboard tube from 
collapsing beyond the choked portion. The restriction was 
placed one tube diameter from one end and the diameter 
of the aperture thus formed was two-thirds of the inside 
diameter of the tube. 

Then, each time the tube was filled by about one diam- 
eter, the powder mixture was first tamped down and then 
hammered in with “twenty-five strong blowes.”’ A trade 
secret of the time called for the insertion of a conical 
iron spindle in thé shorter section of the tube, from the 
end to the constriction so that the powder cylinder re- 
sulting from the hammering had a conical center hole. 
Only the top section, about two tube diameters in length, 
was solid. The purpose of the conical center hole was to 
increase the burning surface, since the normal cross sec- 
tion of the tube could not produce enough combustion 
gas to lift the rocket. 

The rocket, completed according to the above direc- 
tions, would have been unstable in flight. To overcome 
this defect, a long, thin guiding stick was provided which, 
although representing a great deal of dead weight, 
could not be dispensed with. 

When Congreve examined rockets made in this man- 
ner (the intervening 300 years had not brought any 
changes) he reasoned that the most obvious improve- 
ment would be a higher condensation of the black- 
powder mixture. He knew that the specific gravity of the 
propellent in such handmade fireworks rockets, of the 
order of 1.25 to 1.30, could be increased by using smaller 
portions of black powder. But there was a safety limit. 
When the rocket was hammered too hard it would explode 
for the reason that the air trapped between the powder 
particles may be heated enough by compression to ignite 
the powder. 

It was possible to avoid this danger by wetting the 
black-powder mixture with alcohol. The alcohol, which 
contained some 30 to 35 per cent water, not only replaced 
the air to a large extent but also absorbed a great deal 
of the heat of compression. Consequently, Congreve rock- 
ets were made by using this so-called “‘wet procedure.” 
The higher compression naturally required stronger cas- 
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ings, and the pasteboard tube was replaced by an iron 
tube, something which the rocket makers of the princes 
of Mysore had done, too. The hand mallet was replaced 
by a drop weight, hoisted by muscle power after each 
blow. Congreve’s competitors and imitators even went so 
far as to place the rocket casing to be loaded into a large 
tub containing water, so that the powder mixture was 
cooled through the walls of the metallic casing. 

Another improvement upon handicraft was to load the 
rocket casings solidly and to produce the center hole by 
boring and reaming. With all these refinements it became 
possible to increase the density of the propellant to 1.5 
and even 1.6 and to make larger rockets than ever before. 
But the possible limits were reached within less than a 
decade; no further improvement was possible. 


Fragile! Handle with Care 

After these rockets had been made they required a 
great deal of skilled care. In the first place, it was necese 
sary to dry them carefully — a process requiring several 
weeks — and then they had to be handled and stored with 
utmost caution. A black-powder mixture compressed to a 
density of 1.5 or thereabouts is, unfortunately, very brit- 
tle, and even a minor concussion, or a sudden change in 
temperature, is apt to form fine cracks in the propellant. 
Even now it might still be exceedingly difficult to devise 
a method for detecting such cracks; it was a completely 
hopeless problem a century ago. It is these fine cracks 
which lead to explosions, for when the flame reaches such 
a crevice it works its way into the crack, causing a sudden 
increase in the amount of combustion gases generated. 

The increase in the generation of gas is only one of the 
dangers to be expected from the fine cracks in the pro- 
pellant. Usually a lump of propellant is worked loose 
by the flame entering a crack. If the lump is small enough 
to pass the exhaust nozzle, it may be discharged without 
further consequence, but if it is large enough to block 
the exhaust nozzle, even momentarily, a bursting of the 
casing is a certainty. 

The fissure of the propellant was a difficulty which fire-- 
works makers could not circumvent. Even as late as 1928 
the most carefully made high-compression rockets were 












































Published originally in a French military manual, about 1825, this drawing illustrates the effect of a Congreve rocket with explosive charge 
upon striking a target wall erected of oak planks about six inches thick. 
> 
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still subject to explosion because of such cracks. By then 
a highly developed technology, using hydraulic presses 
and ingenious methods of cooling while loading the rocket, 
had succeeded in compressing especially stable black- 
powder mixtures to densities of 1.80 and 1.85. The num- 
ber of explosions on the proving ground was 10 to15 
per cent of those tested. In spite of all the precautions 
the manufacturer could think of, failures rose to about 
40 per cent, in some cases to 80 per cent, when rockets 
were transported less than 200 miles.” 

These are the reasons why the second wave of war- 
rocket development initiated by Congreve rather quickly 
exhausted the technological possibilities of the times and 
why the only rockets available between 1850 and 1920 
did not exceed two inches in diameter. By keeping the 
rockets relatively small and the density of the propellant 
fairly low (about 1.35) the danger of cracks could be 
greatly reduced. Even so, failures of five per cent were 
expected every time a given batch of rockets was shipped, 
and, in addition, for every month of storage, failures rose 
another one per cent. The actual number of failures was 
not quite so bad. 


Some Sidelines 


Naturally such rockets could not be expected to do 
more than carry signal lights as a routine job, but occa- 
sionally they did perform other feats. Experiments, gener- 
ally unsuccessful, were made with rocket harpoons, but 
the line-throwing rocket, a direct descendant of the Con- 
greve war rocket, was standard equipment for rescue 
crews at the seashore. Used when a vessel had been 
stranded within a few hundred yards of the shore, it 
carried a line to the vessel, by means of which a heavier 
line was hauled across and finally a breeches buoy at- 
tached to the line. In Switzerland similar rockets were 
used to lay temporary telephone wires across the tree- 
tops of wooded mountain slopes. 

But there were no war rockets left, except those British 
Colonial Service rockets with solid steel head. They 

“were based on the invention of an American, William 
Hale, who in 1846 succeeded in eliminating the dead 
weight of the long guiding stick. Hale did this by placing 
three curved metal vanes in the exhaust nozzle. The 
exhaust blast, striking those vanes, imparted a spin to the 
rocket which stabilized it. 

2 These figures refer to the high-compression rockets used in 1928 
in the widely publicized rocket automobiles of Fritz von Opel in Ger- 
many. 
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A 24-pound British war rocket, one of the many forerunners of 
the Bazooka. The diagram appeared in the official British 
Treatise on Ammunition of 1905. 








. ridges, but the type most frequently used was a long, 









To sum up the status quo of the years following World 
War I: The solid propellant rocket was handicapped by a 
practical maximum size beyond which rockets became 
too dangerous, both in manufacture and in use. This 
maximum size was too small to be of military use, how- 
ever, and hence there were no war rockets. 

To anybody who clearly realized these things, a possi- 
ble solution became apparent very quickly. It was 
“only” necessary to find a solid propellant which, while 
at least as powerful as black powder compressed to a 
density of 1.8 or higher, would not be brittle and hence 
not crack. The smokeless powders, some of which are 
actually flexible, suggested themselves. 


Improved Propellants 


But there was a long, difficult road between the con- 
ception of this idea and its practical realization. It was 
necessary to form smokeless powder into rods large 
enough to burn for as long as two seconds and shaped in 
such a way that the rate of burning would be more or less 
uniform. There were two basic methods. The American 
method involved the use of a solvent. The smokeless 
powder, derived from guncotton and nitroglycerin with 
other chemicals added, was made into a thick black paste 
from which the powder rods were then extruded. The 
extrusion process worked well and involved little danger, 
but because of the need for drying the solvent out of the 
“grains,” no great thickness of material was possible. 

The British had developed a dry extrusion process for 
their rockets in which dry cordite was rolled into sheets, 
which were then wound into tight rolls and extruded 
through dies. At first, dry extrusion was considered rather 
dangerous in this country, and not without justification. 
Ultimately, it was adopted, however, and finally most 
American war rockets were propelled by fuels made by 
dry extrusion. In this method, grains were formed, some 
of which were as much as five feet long and four inches 
thick with a maximum weight of more than 40 pounds 
apiece. 

Three types of grains were in use. One was simply 
tubular, like thick-walled tubing. Each rocket pro- 
pelled by such grains received a fair number of them. 
Another type was a thick-walled tube with three external 


straight grain, the cross section of which looked like a 
thick-armed cross. In order to prevent burning from the 
ends, cruciform plastic inhibitors were placed over the 
ends. Except for the largest (Continued on page 116) 





VANES WHICH CAUSE SPACE FOR HIGH- 
ROTATION IN FLIGHT EXPLOSIVE CHARGE 


| PROPELLING CHARGE | 
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Aerial torpedo of 1906 invented by the Swedish Lieutenant Colo- 
nel Baron von Unge and bought from him by Friedrich Krupp in 
Essen. Experimental models weighed as much as 110 pounds. 
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Preface to 


By Paut MEapows 


Post-Industrialism 


5S a way of life industrialism can hardly be expected 

to remain unchanged for in our machine technol- 

ogy we have inherently a science of change. Ma- 

chine technology is a unique system of mankind for no 

other system has ever made change the mechanism of 
survival. 

It is a paradox that in industrial societies, little atten- 
tion is paid to the question of how long or how much 
an entity can change and still retain its identity. That 
industrialism should undergo far-reaching, continuous 
modification without sustaining a basic transformation is 
a logical contradiction. Yet, the prospect that modern 
industrial people might live in a post-industrial society 
is likely to appear to them as fantastic. Every age has 
its utopia, and the machine civilization we know so well 
is ours. Our entire outlook on life and our philosophy of 
history and the future are identified with machine tech- 
nology as we have known it. 

If we pause to reflect, however, we can remember easily 
enough that there have been many pre-industrial civiliza- 
tions and that industrialism itself is a product of a long, 
ceaseless, cultural evolution. Logically, therefore, we 
might expect a post-industrial civilization. 

Unfortunately, the concept of post-industrialism is 
likely to frighten industrial people. It is a term freighted 
with emotional protests and suggests a counter-revolution 
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The Ebb and Flow of Human 
Affairs Now Work Against 
Centralized Bigness 


against the machine. For example, out of a revulsion from 
Nineteenth-Century English industrialism the arts and 
crafts movement in Victorian England sought to achieve 
a revival of the handicraft arts in the name of certain 
aesthetic standards of craftsmanship. Because of the 
abuses of “the system” industrialism has revolted its 
share of prophets and poets. 

Yet post-industrialism is really a much calmer word 
than the example above seems to indicate. It suggests a 
new system of industrial technics, evolved out of the old, 
and already present in many forms; it refers to reaction 
tendencies generated by industrialism itself. The litera- 
ture rejecting Nineteenth- and early Twentieth-Century 
industrialism reveals the focus of this new industrial 
culture. 


The Language of Industrial Protest 


In a negative sense, post-industrialism represents a 
protest against the trends in concentration and enlarge- 





Photo by H. Armstrong Roberts 
The centralization of electrical power generation has made dispersion of industry, people, and institutions both necessary and possible. 








102 


oO 


a 
“~— C0 oe 
Me 


NEN 


é 


Pa, 





The technological mastery of electrical power — hardly more than 
a half century in service — represents a new industrial revolution 
in which decentralization is likely. 


ment of industrialism. It expresses a dissatisfaction with 
the forms of industrial life as we have known them; it is 
tired of big business, big industry, big cities, big labor, 
and big government. Lewis Mumford has called the cur- 
rent but disappearing phase of industrialism the paleo- 
technic stage. It is an epoch of industrial development 
the central feature of which has been shapeless, sprawling 
giantism. The “‘sensate industrial town,” as Mumford 
terms it,' is the epitome of massed and massive mechani- 
zation. The tentacular metropolis is the temple of a 
paleotechnic (industrial) civilization, and the center of 
its adoration of sheer size. 

Even before the advent of the nucleonic age and atomic 
warfare, it was clear to many discerning minds that big- 
ness is a transitory phenomenon. Following Malthus’ 
famous concept, it was possible to perceive that a number 
of negative checks were already operating to inhibit 
further increase in size. 

The modern “megalopolis” is a paradox. Mumford 
calls it “an outstanding example of a peculiar cultural 
lag within the realm of technics itself; namely, the con- 
tinuation by advanced neotechnic means of the forms 
and ends of paleotechnic civilization.” *? The giant indus- 
trial community suffers from congestion, and sheer size 
has imposed severe limitations upon it. There are the 
physical limits of water supply, sewage disposal, traffic 
control, physical distance. There are the economic limits 
of increasing costs, frozen price pyramids of land rents 
and mortgages, civic depletion, urban blight. There are 
the social limits of population density, complexity of 
organization, loss of social control, institutional impover- 


> 


1 The Culture of Cities by Lewis Mumford. (New York City: Harcourt 
Brace, 1938, page 145.) 
2 Op. cit. page 235. 


ishment, and loss of vitality. In a word, the industrial 
city has had to come to terms with the familiar principle 
of diminishing returns. 

“At any given time and in any given condition of in- 
dustrial technique,” said Alfred Marshall, “there is 
likely to be a point, beyond which further increase in size 
gives little further increase in economy and efficiency.” ® 
Both in business and industry, as well as in social life, 
size becomes self-penalizing. Thus, the larger the plant, 
the more fixed the capital and the more restricted the 
adaptability. Bigness maximizes the problems of adminis- 
tration, and, as a corollary, of bureaucracy also. It breeds 
bigness, for the greater the fixed costs, the greater the 
drive toward expansion in order to cover costs. Indeed, 
bigness has become a kind of social insurance institution 
for enterprisers and managers who, unfortunately, have 
their premiums paid by the consuming public. The rule 
of massed mechanization, which has been the passion of 
industrial people, has run counter to the law of diminish- 
ing returns. Herein lies the hope of post-industrialism. 

Positively, post-industrialism is a culture pattern 
focused on the tendency of decentralization which has 
already been set in motion by the forces of industrial 
society. The utopia of the post-industrial age still depends 
greatly upon the machine but differs from our present era 
in that the post-industrial machine operates in a decen- 
tralized setting. Post-industrialism is a decentralized 
way of life; its key word is decentralization. 

Writers on decentralized technics are not in agreement 
on what is being, or should be, decentralized. 

A topographic school of decentralists talks about the 
dispersion and expansion of business enterprises, the 
movement of business units to the urban fringe, branch 
plants, suburbanism, and rural industries. A structural 
school of decentralists refers to the development of small- 
scale industries, the abandonment of large-scale opera- 
tions, regional industries for regional markets, and small 
community.enterprises. An organic school of decentral- 
ists speaks glowingly of a flight from the city, back to 
nature; it concerns itself with homestead projects, co- 
operative and self-sufficient communities, the rejection 
of urbanism, or the dispersion of population. Each group 
of writers makes out a different case for decentralism: 
the first, a statistieal case; the second, an economic one; 
the third, sociological. The first group feels that the word 
decentralism is perhaps too strong to describe the trends 
it sees in process. The other two groups argue that their 
types of decentralism represent the fruition of real liberal- 
ism, the realization of genuine human values. But all 
groups agree on the fact that a reversal of Nineteenth- 
Century industrialism is on the way; a movement toward 
smaller, dispersed, more manipulatable technical and 
social forms is on foot. 


Post-Industrialism: The Inner and Outer Structures 

It is imperative that the possibility of a post-industrial 
culture should not be made to rest upon the wish-ful- 
fillments of industrial protestants. Post-industrialism is 
not an imaginary construct; quite the contrary. 

A post-industrial culture is coming into being by the 
same process that produced industrialism, i.e., via ma- 
chine technology. Elsewhere it has been pointed out that 
industrial civilization is based on the principles of science 

3 Industry and Trade by Alfred Marshall (London: Macmillan, 1927, 
page 249.) 
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and that it centers around the machine as a system of 
controlled efficiency. Indeed, our shorthand expression 
for the industrial economy is “the machine,” by which we 
connote not only the use of science for the elaboration of 
amachine technology but also the concept of automaticity 
through disciplined power. The impetus toward post- 
industrialism originates at this point —the point of 
power. For post-industrialism, unmistakably a power age, 
is based on a historically novel source of power - 
electricity. : 

Electricity has given industrial people a new technical 
base, one which is exemplified in such forms as the dy- 
namo, the motor, and the power transmission line. 
Through radio and wire methods of communication, elec- 
tricity has made possible the seclusion of human beings 
without their isolation. Indeed the technological mastery 
of this source of power — hardly more than half a century 
in service — represents a new industrial revolution. The 
power sources and machines of the older industrialism 
required concentration of machines, materials, man 
power, and markets. Such is distinctly not the case with 
the new industrialism. 

Paradoxically, centralization of electrical power gen- 
eration has made dispersion of industry, people, and in- 
stitutions both necessary and possible. Electric power is a 
concentrated form of energy which requires no concen- 
tration of population or industry. From its widespread 
availability flow a number of technical and social se- 
quences. Smaller and more flexible factories are made 
possible, production revolves around more flexible ma- 
chine arrangements, and remote control of industrial op- 
erations becomes possible and necessary. Automatic 
manufacturing becomes of increasing importance and a 
new type of industrial worker emerges — the inspector, 
switch-thrower, or dial-watcher. Many, if not most, of 
the remaining industrial operations may be further 
mechanized. Ultimately a new kind of technological un- 
employment arises: the disemployment of the machine 
itself. Mobility and reduction in prime costs and size of 
operations replace the older drive toward massed machine 
technics and personnel. The new system of industrial 
production promises to be as reyolutionary as the one 
which we identify with the Nineteenth Century. 

The productive system of the older industrial economy 
has evolved an outer structure of relations which is usually 
described in some such terms as the factory, the firm, the 
city. It should be expected that the productive system of 
the new industrial technology will inevitably introduce 
changes in this outer structure. 

Enough statistical evidence is at hand to show that the 
factory system is already undergoing a significant series 
of changes. One of them, for example, is the diffusion of 
factory units; a diffusion which is paralleled by a similar 
translocation of business units. The study of population 
redistribution noted during the "Thirties marked intra- 
regional movements. Sizable industrial and business re- 
location from large, congested nuclear cities to smaller 
communities in the peripheries was much in evidence.‘ 
The war has undeniably hastened this process. Part of 
the sequence is simply an addition of new locations to old 
ones in a general spreading-out of operations. Part of 
it is the development of new regional industries and mar- 
kets. Part of it is a governmentally supported search for 

‘Is Industry Decentralizing? by Daniel B. Creamer. (Philadelphia: 
University of Pennsylvania Press, 1935.) 


108 





Photo by H. Armstrong Roberts 


Electricity has given industrial people a new technical base; one 
which is exemplified in such forms as the dynamo, the motor, and 
the power transmission line. 


industries and businesses which are peculiarly rural, or 
rural-urban industries. 

Another modification in the outer structure of indus- 
trialism, also already in evidence, is the transformation 
of the pattern of community living. Study after study has 
shown that, in recent years, the giant central cities of 
industrialism are not growing at the rate which charac- 
terizes the growth of the metropolitan fringe communities. 
The suburb, a specialized segment of the industrial city, 
is a symptom of this community change. The main goals 
of movement are non-metropolitan. 

Indeed, what is happening is the appearance of a new 
social pattern, in which the industrial city surrenders its 
dominance over the hinterland. Financial economy and 
technical mobility have diminished the need for close 
settlement at the same time that they have increased the 
possibility of physical movement. The centripetal city, 
as architect Frank Lloyd Wright calls it, is giving way to 
the centrifugal city, and a new bio-technical regionalism 
which seeks a life-conditioned (rather than a machine- 
dominated) environment for industrial people is coming 
into being. 


The Human Appraisal of Post-Industrialism 


There have been sketched here only a few of the many 
aspects of the new industrialism. One of the most impor- 
tant aspects of all is the shift in human values which post- 
industrialism promises to make possible. 

The massed mechanization of the older industrialism 
has tended to create more problems than it can solve. In 
The Culture of Cities Lewis Mumford commented on the 
paradox of modern metropolitan civilization. Large cities 
represent “the existence of a rational collective organiza- 
tion of the physical means of life (Continued on page 120) 
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Of Things to Come 
ERALDING important changes in the executive 


management of the Alumni Association of M.I.T. 

and in the administration of the office of the Dean 
of Students, President Karl T. Compton and Harold Bug- 
bee, ’20, President of the Alumni Association, have an- 
nounced the appointment of Dean H. E. Lobdell, ’17, to 
the newly created position of Executive Vice-president of 
the Alumni Association of M.I.T. The Reverend Everett 
Moore Baker, D.D., minister of the First Unitarian 
Church of Cleveland and former Vice-president of the 
American Unitarian Association, will succeed Dean Lob- 
dell as Dean of Students, and the Associate Dean of Stu- 
dents, Thomas P. Pitré, has been advanced to the new 
post of Dean of Freshmen. 

In his new post, which he will assume January 1, Mr. 
Lobdell will have direct responsibility for administering 
the affairs of the Alumni Association and for serving as 
director of alumni relations for the Institute. 

Professor Charles E Locke, ’96, will continue as secre- 
tary of the Alumni Association, which office he has graced 
for 16 years. Ralph T. Jope, ’28, also will continue as 
treasurer of the Association and business manager of The 
Review, Henry B. Kane, ’24, as director of the Alumni 
Fund, and Beverly Dudley, ’35, as editor of The Review. 

Emphasizing the import of the new executive vice- 
presidency in a joint statement with Mr. Bugbee, Presi- 
dent Compton said: “‘The activities of the Alumni Asso- 
ciation, which represents an influential group of nearly 
37,000 former students, are constantly increasing and now 
require the full-time, active direction of an outstanding 
administrative officer. In appointing Mr. Lobdell as its 
first executive vice-president, the Alumni Association 
has taken a step which we are confident will be of great 
importance to the future development of the Institute 
and of equal value to our Alumni. As dean of students 
for many years and as publisher of The Technology Re- 
view, Mr. Lobdell has established extraordinarily wide 
contacts with M.I.T. Alumni and is ideally qualified by 
executive experience and knowledge of the Institute for 
a post of leadership in carrying out the plans of an ex- 
panding program of alumni activity. 

“In addition to his responsibilities as executive officer 
of the Alumni Association, Mr. Lobdell will serve as ad- 
viser to the President of the Institute on all matters of 
alumni relationships.” 

The nomination of Dean Lobdell, which was unani- 
mously adopted by the Executive Committee, was made 
by the Special Committee on Improving the Organization 
and Operation of the Alumni Association, of which com- 
mittee Marshall B. Dalton, ’15, was chairman. In their 
report, Mr. Dalton’s committee said in part: 

“Your committee has delayed its final selection because 
it was more interested in securing what it unanimously 
felt was the right man for the position than in the precise 
time for his appointment. In the original report, dated 


April 24, 1944, your committee stated the following 
qualifications for the individual to be selected if such a 
person could be found: 

“He should be an alumnus of Technology. 

“He should be of sufficient maturity and accomplish- 
ment to command the respect of all age groups who 
should be interested in the future of the Institute, includ- 
ing potential students of Technology, undergraduates, 
graduate students, alumnae and alumni, and leaders of 
industry. 

‘He should be acceptable to the Institute Administra- 
tion and capable of rendering them service. 

“If possible he should have an intimate association 
with the Institute Administration and its staff, so that he 
thoroughly understands the organization, the operation, 
the aims, history and traditions of Technology. 

“Your committee believes that Mr. Lobdell qualifies 
to an extraordinary degree on all of the above counts, and 
that the usefulness of the Alumni Association to its mem- 
bers and to Technology will be greatly increased by this 
appointment.” 

Member of the Institute’s Class of 1917, Mr. Lobdell 
enlisted in the United States Army when this country 
entered World War I, and served as an infantry officer 
until the autumn of 1919 when he joined the Institute’s 
staff and was appointed assistant to the director of the 
Division of Industrial Co-operation and Research, hold- 
ing that office until he became assistant dean in 1921. 
He was editor of The Technology Review from 1922 to 
1930 and since 1930 has been The Review’s publisher. 

Thus, for the past 25 years, Mr. Lobdell has been asso- 
ciated with the Dean’s Office, the chief responsibility 
having been his since the death of Dean Henry P. Talbot, 
*85, in 1927. Since its establishment in 1930, he has been 
chairman of the Technology Loan Fund Board which has 
already administered loans of $1,900,000 to some 2,600 
Technology students. He remains head of the board of 
this important student aid fund. 

In 1933-1934 Dean Lobdell was president of the Na- 
tional Association of Deans, and since 1933 has been 
national vice-president of Phi Kappa Sigma fraternity. 
His clubs are the St. Botolph and Engineers clubs of 
Boston, the Century, Collectors, University, and Tech-' 
nology clubs of New York, and the Army and Navy Club 
of Washington. 

The appointment of Dr. Baker as Dean of Students, 
and of Mr. Pitré as Dean of Freshmen, will be marked by 
an expansion of the duties of the office of the Dean of 
Students which has authority and responsibility for over- 
seeing all aspects of student welfare and for the Institute’s 
relationships with student government and recognized 
student activities, including athletics and fraternities. 

By advising and counseling with individual students 
and with student groups, the Dean’s Office seeks to 
promote fine morale, high standards of conduct, and 
the best possible conditions for personal development 
and educational achievement; and in concert with regis- 
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tration officers and other agencies of M.I.T. to co-ordinate 
academic with personal counseling. 

Dr. Baker brings to his new post broad experience in 
the field of education and administration and a thorough 
knowledge of the interest and activities of young people. 
He has been a lecturer in sociology at Cleveland College 
of Western Reserve University and a trustee of Proctor 
Academy in Andover, N. H. and of the Hawken School 
for boys in Cleveland. His own interest in outdoor activi- 
ties and sports led to his association with boys’ camps 
early in his career, and he has been active in this field for 
many years. He directed the boys’ camp of the Boston 
City Missionary Society at Camp Waldron, Meredith, 
N. H. from its beginning in 1929 until 1935, and has since 
been associated with other camps. 

A native of Newtonville, Mass., Dr. Baker was edu- 
cated at Phillips Exeter Academy, and at Dartmouth 
College from which he was graduated with the degree of 
Bachelor of Science in 1924, and then carried on graduate 
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World War II, Dr. Baker was a member of the arbitration 
panel of the National Arbitration Association and a public 
panel member of the National War Labor Board. 

In Cleveland, Dr. Baker took an active part in com- 
munity affairs, serving on the board of trustees of the 
Welfare Federation of Cleveland and as a member of the 
board of directors of the Cleveland Church Federation. 
He was also a member of the board of trustees of the 
Cleveland Council on World Affairs. He has been chair- 
man of the Better Housing Association of Cleveland and 
has been chairman of the board of directors of the Na- 
tional Consumers League for Fair Labor Standards. Dr. 
Baker was president of the Unitarian Ministerial Union 
from 1944 to this year and has been a member of the 
board of directors of the American Unitarian Association 
for several years. He is also a member of Delta Kappa 
Epsilon fraternity. 

As Dean of Freshmen, Mr. Pitré assumes new and addi- 
tional responsibilities for which his wide experience in 





Associated with the Dean’s Office for the 

past 17 years, Thomas P. Pitre takes up 

new responsibilities with his promotion 
to Dean of Freshmen. 


work at the Harvard Divinity School, completing his 
studies there in 1929. In 1938 Tufts College conferred on 
him the honorary degree of Doctor of Divinity. 

From 1925 to 1929, Dr. Baker was assistant minister of 
the Mount Vernon Church in Boston and the next eight 
years was minister of the Westminster Church in Provi- 
dence, R. I. From 1937 to 1942 he was vice-president of 
the American Unitarian Association, the central execu- 
tive body of Unitarian churches in the United States and 
Canada with headquarters in Boston. Since 1942 he has 
been minister of the First Unitarian Church of Cleveland, 
which he leaves to take up his new duties on January 1. 

As vice-president of the American Unitarian Association 
Dr. Baker was engaged in general administrative work 
and directed the fund-raising program and the publishing 
business for that denomination. For three years he di- 
rected the New England Unitarian radio hour. In Cleve- 
land he edited and published a book of readings entitled 
Think on These Things of which 3,000,000 copies were 
distributed to men and women in the armed forces. During 


Dean H. E. Lobdell, ’17, unanimously 

selected for advancement, becomes Execu- 

tive Vice-president of the Alumni Asso- 
ciation of M.I.T. 


As Dean of Students, Dr. Everett M. 
Baker, rich in educational and adminis- 
trative experience, continues a career long 


devoted to young people. 


dealing with incoming students particularly qualifies him. 
A native of Waterbury, Conn., he was graduated from 
Amherst College in 1919, and he is an honorary member 
of the M.I.T. Class of 1917. During 1919-1920 he was an 
instructor in chemistry at Phillips Andover Academy, 
and was also an instructor in chemistry at M.I.T. from 
1920 to 1930. 

He was appointed assistant dean in 1930 and associate 
dean of students in 1939, and in each of these capacities 
he has been registration officer and chief adviser to fresh- 
man students for the past 17 years. He was the prime 
mover in originating and developing the current program 
of freshman scholarship awards, including the Regional 
Scholarships for which outstanding students have been 
nominated for scholarship aid by local alumni committees 
throughout the United States. He will succeed Dean 
Lobdell as chairman of the Faculty Committee on Under- 
graduate Scholarships. 

Dean Pitré is a member of the American Chemical 
Society and also of the Delta Upsilon fraternity. 
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The President Reports 


ONCERN for the educational welfare of the largest 
group of students ever to enter M.I.T. permeated 
President Compton’s annual report, delivered to the 
Corporation on October 9. The Administration is not only 
facing the difficult problem of providing educational 
facilities and opportunities of the highest order for the 
largest enrollment in the Institute’s history under uncer- 
tain postwar conditions but it must also recognize many 
new requirements of a student body whose make-up is 
quite different from that which has heretofore roamed 
collegiate halls. Of the 5,000 students enrolled, more than 
3,000 are war veterans, and about 1,000 are married. At 
a time when the nation’s housing shortage is, it is hoped, 
at its crest the avalanche of married students poses a 
problem in housing facilities which, although difficult, is 
being satisfactorily solved. “‘No student has yet had to 
sleep on a park bench,” stated Dr. Compton during a 
convocation in the Great Court on October 8. 

The student body has 267 representatives from foreign 
countries. To a large extent (almost two-thirds) it is com- 
posed of war veterans who have seen all parts of the world 
and return to their studies with a seriousness of purpose 
and a sense of responsibility which are unusually high. 
President Compton’s statement recognizing the charac- 
teristics of the new student body may also be regarded as 
the keynote of his report to the Corporation: “Obviously 
a student body of these general characteristics and of 
such maturity, capacity, and determination is a challenge 
to our best efforts.” 

Although it will probably be at least three or four years 
before the Institute can return to a status from which the 


traces of the war have been erased, the change from a 
wartime to a peacetime educational institution is making 
rapid strides. The transition is best reported in Dr. 
Compton’s own words: 


Fourteen months ago the Massachusetts Institute of Tech- 
nology was a scientific arsenal, with a personnel of over 6,000 
working on instrumentalities of warfare and 2,000 students 
largely training for warfare. In the period since V-J Day we have 
returned to our normal and primary function of education. The 
6,000 employed personnel have diminished to 3,000 and the 
student body has increased to 5,000, the largest number of 
students ever enrolled at M.I.T. Fourteen months ago we were 
spending at the rate of $50,000,000 a year; we have now read- 
justed to a more manageable but still inflated annual expendi- 
ture of $11,000,000. 

These figures are but ineloquent indices of the redeployment 
problems which have been met and, I am happy to report, 
largely solved. The Radiation Laboratory has been demobilized, 
its staff of 3,900 reduced to 15. Its great volume of purchase 
commitments, for months a matter of concern as it mounted 
million by million, is now almost completely liquidated, with a 
consequent reduction in liability and risk not to zero but to a 
point reassuringly near. Placement of wartime personnel has 
been largely accomplished. In fact, the demand for technical 
personnel has far exceeded our supply. The equipment used in 
the great war laboratories, the value running into many millions 
of dollars, the bulk running into uncounted tons, has been taken 
over by the Army and Navy, thus relieving the Institute of a 
burden which could easily have been a great handicap to recon- 
version. And, finally, the Institute space occupied by the war 
projects has been largely recaptured, and the temporary build- 
ings, built primarily for war work, have been retained by the 
Institute to aid us in handling the postwar overload of students. 
With these major hurdles taken, we are in a much better posi- 
tion to meet the many other problems inherited from the war 
and inherent in the present period of readjustment: 

For this rapid demobilization, credit is due many people 
those who administered the projects and who planned for their 
liquidation with foresight and with a sense of fine responsibility 
to M.I.T.; those who, frequently at personal sacrifice, remained 
after the tumult and the shouting to assist in the liquidation: 
and the staff of our own Division of Industrial Coéperation, 
who have managed all contractual and business matters with 
prudence and vigilance. 


The Institute Redeployed 


The transition to a peacetime program has been more difficult 
because we are far from having returned to the scale of opera- 
tions typical before the war. To use a budgetary index again, our 
current annual budget of $11,000,000 is three times our largest 
prewar budget. In 1939-1940 we had a total paid personnel, in- 
cluding staff and nonstaff, of 1,400. The current year finds us 
with 3,000, over twice as many. Total personnel at the Institute, 
including students, staff, and nonstaff, stands this fall at about, 
8,000, which is equal to our total personnel at the peak of the 
war program. Since the end of the war we have added 557 new 
persons to our instructional staff, of whom 57 have been Faculty 
appointments. To house the academic activities of this large 
group, we have found it necessary to occupy all the wartime 
buildings, with the result that we are using a plant — some of it 
temporary — greater by half a million square feet than that 
available before the war. 

That these changes have thrown a great burden on both the 
administrative and teaching staff needs no comment, but one 
illustration will suffice. Before the war, about 1,000 new stu- 
dents were admitted to the Institute per year. Since July, 1945, 
we have been admitting approximately 1,000 students every 
four months, and over 2,300 students have been admitted for 
the fall term just begun. Thus there has been about a fivefold 
expansion in admission and registration activities, and these 
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have been carried on in circumstances of unusual pressure and 
complexity. 

In terms of the prewar Institute we have therefore undergone 
a substantial expansion of our peacetime program. Part of this 
increase has come from new or continuing research financed by 
the Government, our research budget this vear being of the order 
of $5,000,000. The most significant increase, however, has been 
in the size of our student body and in the resulting educational 
responsibility we have assumed. Our research activities are still 
important to the national defense and welfare, but they are now 
geared to industrial as well as governmental needs, and are 
integrated with our educational program. I wish in this report 
to give principal attention to this educational program and to 
those aspects of our operation affecting the welfare of our 
students generally. . . . 

College Student — 1946 Model 

The typical student was described as two to four years 
older than the pre-war student of the same class, having a 
poise and courtesy born of military experience. His ob- 
jective is to obtain a first-class professional education as 
quickly as possible. 

If the student of 1946 has been unable to find quarters 
in the dormitories, the Graduate House, the fraternity 
houses, or in the Westgate development for married stu- 
dents, or the barracks reconverted from one of the tem- 
porary war research buildings, he will have enlisted the 
aid of the Institute’s Housing Bureau. Even then, he may 
be acutely aware of the national housing shortage. But, in 
respect to housing, the student at Technology is no worse 
off than some of the recent additions to the faculty or the 
administrative staff; relatively speaking, he may be much 
better cared for. 

President Compton summarized the typical student of 
1946 with the words: “Altogether you will gain the im- 
pression that he is able, personable, and sure of himself; 
that he has a well thought-out program for his education, 
is willing to work without stint to get ahead rapidly, and 
is competent and anxious to undertake larger tasks than 
a pre-war student of equivalent scholastic age.”’ President 
Compton continued: 

In this roughly sketched profile of the 1946 undergraduate, 
you have observed some of the special characteristics of the 
students now enrolled at the Institute. Taking the student body 
as a whole, we find that 3,000 of the 5,000 students are veterans 
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and 3,700 are undergraduates, the remaining 1,300 being regis- 
tered for postgraduate degrees. The undergraduates are almost 
evenly distributed among the four classes, with the senior class 
running slightly smaller. 

The new students, both veteran and nonveteran, represent a 
degree of selection quite beyond that of any group ever before 
admitted. The 675 new freshmen who have just entered, for 
example, were chosen out of some 4,500 applications and many 
times that number of inquiries. About 2,300, or 80 per cent, of 
the undergraduates who were on leave of absence for war service 
are now back, and we expect ultimately to readmit nearly 100 
per cent of these former students. Since the educational expenses 
of the veterans are financed largely by the Government, appli- 
cants have not been restricted by financial considerations. The 
students, therefore, come from all walks of life, and for the first 
time we have a student body for which ability, preparation, 
personality, and character have been the only requirements 
for admission. 

The postgraduate student enrollment represents an increase 
of about 550 over our pre-war Graduate School enrollment. The 
majority of these graduate students are being assisted by em- 
ployment on research projects or by appointment as teaching 
assistants. Some of our departments, in fact, having foundit 
necessary to increase their graduate student quotas in order to 
get the assistants needed to handle the undergraduate enroll- 
ment. Many of these graduate students have had extensive 
experience in war laboratories or in teaching and are therefore 
highly competent to undertake teaching or research of a high 
order while they study. .. . 

Of the 5,000 students, there are 267 from foreign coun- 
tries. Because of the overwhelming demand of American 
veterans, we have had to limit severely our acceptance of 
foreign students, although the demand from foreign 
countries has increased. 


Standards of Scholarship 


The recovery of high scholastic standards which, regret- 
tably, could not always be maintained during the uncer- 
tainty of the war years, is being effected rapidly. Facili- 
tated by the careful screening of all student applications 
by the Admissions Office, a big factor in this recovery is 
the maturity, serious purpose, and innate ability of the 
present student body. Dr. Compton said: 


Another factor that has expedited the recovery of scholastic 
standards has been the rapid reassembly of our staff; we have 
had fortunately few losses in senior personnel. Moreover, we 


In the largest gathering of its kind, some 5,000 students, fac- 
ulty and staff members gathered in the Great Court on 
October 8 in attendance of convocation ceremonies at 

which President Compton outlined the expanded 

facilities which have been provided at M.1.T. 

to meet unusually heavy postwar edu- 

cational needs. Returning veter- 
ans, of which 30 per cent are 
married, constitute a 

large portion of the 

present enroll- 

ment. 
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have been exceedingly fortunate in securing outstanding addi- 
tions to our staff, both to fill vacancies and to provide for the 
larger student body. Taken either as a whole or department by 
department, and including the new and the old, I can say with 
pride and good conscience that this 1946 staff is unexcelled any- 
where in the world in professional competence, reputation, 
loyalty, co-operation, and industry. Given the proper facilities 
it can without question meet the challenge . . . 

The chairman of the Faculty has presented to the Faculty 
Council a proposal for a fundamental review of our present 
emergency program and, more importantly, a long-range study 
of our entire educational policies and procedures. This would be 
in line with past practice of periodically re-evaluating our edu- 
cational objectives and methods . . . 

If the proposal is adopted, as I trust that it will be, it will be 
the responsibility of this committee, with Faculty directive and 
advice, to formulate the scope and objectives of its study, but I 
think we can anticipate some of the matters which it will re- 
view: Do our admission requirements need revision, and can 
they be better co-ordinated with programs in the secondary 
schools? Are we too specialized in our undergraduate program 
in the upper two years, and is our Course system the most 
effective organization? Is it now possible to give a reputable and 
effective engineering education in four years? What should be 
the relative emphasis on undergraduate and postgraduate edu- 
cation, and how should they be related to each other? Have we 
swung too far in the direction of theory as distinct from prac- 
tice, or have we not gone far enough? Have we yet allotted 
enough time for humanistic studies? Do we require too much 
routine and scheduled work, leaving our students too little 
time for self-development? No answers are presupposed to these 
questions, but the questions do indicate the comprehensiveness 
of the committee’s assignment . . . 

As the Faculty adjusts and tunes the delicate and complex 
organization of our undergraduate school, it is also looking out 
in new directions. The new Department of Food Technology 
launched its program during the year with financial assistance 
from six industrial companies, and the Department of Eco- 
nomics and Social Science organized a new undergraduate pro- 
gram in Economics and Engineering. The Department of Metal- 


lurgy, jointly with Chemical Engineering, undertook a new 
program in corrosion, and the Department of Mechanical Engi- 
neering transferred to Metallurgy its personnel and facilities in 
metal processing, where they are to provide the nucleus for a 
new program in mechanical metallurgy. As a result of oppor- 
tunities developed during the war, we are organizing a new 
educational program in the field of gas turbines and_jet pro- 
pulsion, and are giving much greater emphasis to electronics and 
to nuclear science and engineering, all of which are certainly 
destined to occupy an important place in the technology of the 
future. Notable was the establishment of our first adequately 
endowed chair, the Sloan Professorship of Industrial Manage- 
ment. Under the generous endowment provided by Alfred P. 
Sloan, Jr., 95, this professorship will be supplemented by lec- 
tureships held by distinguished visiting lecturers from industry, 


Administrative Personnel 


In the administration of our educational program, we had one 
major change during the year. Dr. Edward L. Moreland, Dean 
of Engineering since 1938, asked to be relieved of this post as of 
July 1, 1946. Fortunately he agreed to continue to give part 
time to the Institute, and accepted appointment as Executive 
Vice-president to act as consultant to the President and Vice- 
president and to assume major responsibility in certain specified 
areas. To succeed him as Dean, we are happy in the appoint- 
ment of Professor Thomas K. Sherwood, ’24, of the Department 
of Chemical Engineering, who brings to the administration of 
the School of Engineering wide experience as an engineer and 
educator and intimate knowledge of the Institute . . . 

I have spoken of the increase in our educational plant through 
additions made during the war. This added space has not only 
enabled us to take care of the great increase in the student body, 
but at the same time has both permitted and required a whole- 
sale reallocation of space and renovation of equipment through- 
out the entire Institute plant. This general redistribution of 
space — the greatest since the Institute moved from Boston to 
Cambridge — together with the acquirement of the new build- 
ings, is requiring an expenditure of $1,750,000. While this has 
been a very severe drain on the Institute’s limited unrestricted 
capital resources, the Executive Com- (Continued on page 110) 








The Class of 1896 marked its fifth decade since graduation from the Institute with a large reunion held at East Bay Lodge, Osterville, Mass. 
on June 7. From left to right (and back to front in some cases) standing: Joseph Harrington, Charles E. Stamp, Edward S. Mansfield, 
Conrad H. Young, Charles W. Tucker, Perry B. Howard, Frank A. Howard, Edgar H. Barker, Daniel M. Bates, Mrs. E. M. Bragg, John 
Ashton, Mrs. Herman Curtis, Walter M. Stearns, Mrs. Conrad H. Young, Paul W. Litchfield, Charles P. Moat, Lewis B. Breed, Mrs. 

‘alter S. Dodd, Lawrence K. Sager, Albert E. Cluett, Mrs. Samuel T. Smetters, James G. Melluish, Charles E Locke, Henry S. Baldwin, 
William P. Anderson, John A. Rockwell, Mrs. Henry D. Jackson, William T. Dorrance, Mrs. Lewis B. Breed, Myron E. Pierce, Mrs. 
Edward S. Mansfield, Elbridge C. Jacobs, William H. Clifford, Mrs. Charles W. Tucker, John Tilley, James M. Driscoll, Francis C. 


Hersey, J. Lloyd Wayne, 3d, Henry G. Grush, Henry R. Hedge, Myron L. Fuller, S 


1 T. Smetters, Ralph C. Henry, and Frederick T. 





Rundlet, Sitting, left to right, are: E. M. Bragg, Frederick W. Damon, Elmer H. Robinson, Henry D. Jackson (deceased), Robert A. Davis, 
George S. Hewins, Samuel P. Hunt, Karl A. Pauly, Henry K. Sears, and William D. Coolidge. 
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Revere magnesium sheet and shapes 
save 1240 pounds deadload 


for Purity Baking Co., Charleston, W. Va. 


Magnesium alloy body built by Purity Baking Co. from Revere sheet and standard shapes. Outside dimensions are 1394" long, 80%" wide, and 
76” high. Weight of body, including interior tray racks to hold 2150 loaves of bread, is 1060 lbs. in magnesium compared to 2300 lbs. in steel. 


ge ancy deadweight! That is the way to save gas, oil, 
tires and maintenance if you are hauling light, bulky 
loads like bread . . . and the way to increase payload if you 
are hauling heavy goods. The Purity Baking Co. saves 1240 
pounds of deadload per truck with bodies built of Revere 
magnesium alloy sheet and extruded magnesium shapes! 


The result: a cut in gasoline consumption of from 3 to 4 
gallons on each typical delivery run of 125 miles, reduced 
wear and tear on tires and chassis, and trucks that are 
easier to handle. The fleet of the Purity Baking Co. averages 
3,000,000 miles a year. When it is entirely equipped with 
these light-weight bodies, it is easy to see that gas savings 
alone will amount to a minimum of $1,000 a month. 


Any operator could justifiably pay a premium price for 
such bodies. But Purity Baking Co., without any previous 
experience in working with magnesium, was able to build 
even the first unit at a cost which compares favorably with 
that of wood frame and steel panel bodies. And they report 
that the latest magnesium bodies they built actually cost 
less than the former wood and steel units! This is made 
possible by the standard magnesium structural shapes engi- 
neered and produced by Revere. 


Readily available from Revere stock, these shapes plus 


Revere magnesium alloy sheet, make it possible for any 
builder to produce bodies of magnesium with the same 
ease as steel. No sheet metal forming is required. None 
but familiar methods of fabrication and assembly are in- 
volved ... clamping, drilling, riveting. Yet the body 
designer has full latitude, and the finished units may be 
planned to fit any make of chassis. 

For full details on this important Revere development, 
get in touch with the nearest Revere office. A Revere 
Technical Advisor will gladly consult with you on this 
and other applications of magnesium to your business. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, Ill; Detroit, Mich; New Bedford, Mass. 
Rome, N. Y.—Sales Offices in Principal Cities. 
Listen to Exploring the Unknown on the Mutual Net- 
work every Sunday evening, 9 to 9:30 p. m., EST. 
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mittee has felt the expenditure warranted by the gain in edu- 
cational efficiency thus made possible. For example, had we not 
modernized and enlarged our Chemistry laboratories, at a cost 
of $400,000, we would not be able to handle 900 students in each 
of the first two undergraduate years, compared with the 600 
accommodated prior to the war. New laboratories for Physics, 
Mechanical Engineering, Electrical Engineering, Aeronautical 
Engineering, and other departments similarly have enlarged our 
capacity and provided better instructional facilities. 


Charles Hayden Memorial Library 


Every President’s Report must review the past year and 
preview plans for the immediate future. It is fortunate when 
the report can include an announcement of a great step forward. 

For years a library building fully adequate to the needs of 
the Institute has had top priority in our estimate of the de- 
sirability of new buildings. Plans have now been completed for 
a building facing the river front between the main educational 
buildings and Walker Memorial which will admirably fill this 
need and take the form of a memorial to a distinguished alum- 
nus, the late Charles-Hayden, ’90. 

Construction of this library building has been assured, I am 
happy to announce, by a gift of $2,200,000 received from the 
Charles Hayden Foundation through the generosity of Mr. 
Hayden’s brother, J. Willard Hayden, and the cotrustees of the 
Foundation. This princely gift, the largest single gift received 
by the Institute since the Eastman benefactions, will cover a 
very large portion of the total cost of the building. 

In planning this new library building we have conceived of it 
as serving a dual but consistent purpose. As the nucleus of our 
departmental library system and itself a great repository, it 
will provide the most serviceable collection possible of advanced 
research and teaching material in the scientific, engineering, and 
architectural disciplines to which the Institute is primarily 
devoted. In addition, however, it must serve the humanities 
program and the nonprofessional development of our students 
by offering them the maximum invitation to the many impor- 
tant fields of thought and inspiration outside our required 
curriculum. This concept recognizes that the humanistic re- 


sponsibility of the Institute’s Library is in some ways even 
more far reaching than that of the libraries of the great liberal 
arts institutions. 

The Charles Hayden Memorial Library, then, will be a great 
deal more than a conventional library. It will house, for ex- 
ample, our departments in the social sciences and the humani- 
ties so that they will be contiguous to their libraries, which 
are in effect their laboratories. In addition to this formal im- 
plementation of the Institute’s humanistic program, the new 
library will seek to facilitate the student’s examination of vari- 
ous cultural heritages which cannot find a place in the formal 
curriculum. The already large collection of recorded music 
possessed by the Institute will be housed in carefully designed 
quarters in the new building as part of an audio-visual center 
which will make available all sorts of recorded sound as well as 
visual tools such as motion picture film. This center will be as 
modern as we know how to make it, will provide a variety of 
sizes of listening and viewing facilities, and, on the formal side, 
will increase the facilities for instruction in modern languages. 


Other Building Projects 


While the Charles Hayden Memorial Library is the principal 
addition to our educational plant which has been planned and 
financed, there are other projects of great importance. The new 
Gas Turbine Laboratory, made possible through grants from 
five industrial companies, is now under construction concur- 
rently with the modernization and enlargement of the Sloan 
Automotive and Aircraft Engine Laboratory made possible 
through a generous additional gift from Alfred P. Sloan, Jr. 
Other new additions which are urgently needed and for which 
we are now seeking ways and means include a hydrodynamics 
laboratory and towing tank for our Department of Civil and 
Sanitary Engineering and our Department of Naval Architec- 
ture and Marine Engineering; an addition to our Metal Process- 
ing Laboratory to house a modernized and enlarged machine 
tool laboratory for our Department of Mechanical Engineering; 
a laboratory for the growing program in nuclear science and 
engineering; and a new building to house the Departments of 
Biology and Food Technology. . . . 


Graduate School and Research 


Although the scholastic and environmental needs of the 
undergraduate body took up the largest portion of Presi- 
dent Compton’s annual report, (Continued on page 112) 
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The Class of 1901, celebrating their 45th year as M.1.T. graduates, gathered at the New Ocean House, Swampscott, Mass. on June 7 and 8 


for the reunion at which this photograph was taken. From left to right, front row, are: William E. 


Farnham, Asher L. Weil, Edward 


Seaver, Philip W. Moore, Robert L. Williams, Guy C. Peterson, Harry R. White, Willard W. Dow, Theodore H. Taft, and John Boyle, Jr. 


Rear row, in reading order, are: V. Frank Holmes, Mansfield Estabrook, Harry V. 


Allen, Robert M. Derby, Roger W. Wight, Ralph ( 


Robinson, George W. Allen, Edmond F. Brigham, Henry W’. Chambers, J. Russell Putnam, Edward H. Davis, and Joseph D. Evans. 
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A gray, pink aftermath of dawn and the Sportsman finds Peet the same basic idea—the approach to perfection—is 

every nerve in his body leaping! The duck are heading always uppermost in the mind of our Master Designer — 

for the decoys! To match the speed of their flight, split- perfection in fabric, style, tailoring and fit — perfection 

second decisions must approach perfection... At Rogers in clothes for young men, and men who never grow old. 

FIFTH AVENUE at 41st STREET, NEW YORK 17, N. Y. 
THIRTEENTH ST. at BROADWAY, NEW YORK 3, N. Y. 
: WARREN STREET a BROADWAY, NEW YORK 7, N. Y. 
. TREMONT ST. at BROMFIELD ST., BOSTON 8, MASS. 
The right thing in everything men and boys wear 
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the Administration was also keenly aware of its responsi- 
bilities to graduate students, and to the needs of contin- 
uing the highest type of research work for government, 
industrial, and academic purposes. Said Dr. Compton: 


The major attention given in this report to undergraduate 
instruction and student problems does not imply any lack of 
attention this past year to the Institute’s Graduate School. 
With 1,300 students studying for advanced degrees and with 
vigorous research under way in all professional departments, 
the Graduate School is flourishing as never before. Its standards 
have never been higher or the quality and variety of research 
greater. 

In relation to the Graduate School, let me direct attention 
briefly to three major trends which are beginning to play a very 
large role in our advanced program. 

The first of these is the development of interdepartmental 
Centers of Research which co-ordinate the co-operative activi- 
ties of various departments in certain very important fields of 
overlapping interest. While we call them “‘Centers of Research”’ 
because research is their predominant role, they are neverthe- 
less destined to play a very important role in our educational 
program, especially at the senior and graduate student thesis 
levels. Their influence will also filter back into the co-operating 
departments to enliven and modernize their programs in the 
direction of the very latest technological developments. 

These Centers of Research appear to be a highly satisfactory 
answer to a problem which has long confronted us and other 
institutions, namely, that of handling those interests which 


reach outside the traditional departmental boundary lines and 
require the co-operation of the specialists and points of view of 
various departments. Certain institutions have tried to meet 
this problem by setting up special institutes; others have set up 
new departments. Both of these solutions seem to us to be lack- 
ing in two desiderata, namely, the mobilizing of the interested 
personnel in various departments into a co-operative effort, 
while still recognizing each department’s special interest in 
various aspects of the program, and the full co-ordination of 
the research with the educational program . . . 

A second major new development in our programs of educa- 
tion and research is the greatly increased degree of interest and 
co-operation on the part of industry and the War and Navy 
departments. The work sponsored here by these outside agencies 
during the coming year involves a sum greater than the largest 
pre-war operating budget of the entire institution. From indus- 
try have come an increasing number of fellowships and sub- 
stantial support of new teaching and research programs, several 
of which I have described earlier in this report. 

The third feature of our educational program which I shall 
mention has to do with the greatly increased number of post- 
graduate students coming from the Army and Navy for training 
in certain specialties. For many years we have co-operated with 
the Navy to provide the postgraduate education of the naval 
constructors and, more recently, the combined program for 
naval constructors and naval engineers under the Bureau of 
Ships through an arrangement with the Postgraduate School at 
Annapolis. In addition to this, before the war we had a few 
special military students coming to study such subjects as 
torpedo design or fire control. Now, however, and again as a 
result of the recent war experience, both services are sending 


greatly increased numbers of selected young officers for post- ' 


graduate study in educational institutions. The demands on us 
for such educational assistance to Army and Navy have been 


(Concluded on page 114) 





LEWIS-SHEPARD 


FOR OVER 30 YEARS DESIGNING, 


ENGINEERING and MANUFACTURING 
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SINGLELIFTS 
SKIDS PALLETS 
PRODUCTION LIFTERS 


LEWIS-SHEPARD PRODUCTS, 


251 Walnut Street, Watertown, Mass. ° 


HYDRAULIC HANDLIFT TRUCKS 
PALLET TRUCKS 
CRANES 


The L-S list of products is extensive,—a complete line on wheels. 

Engineering experience and personnel of the highest calibre,— 

manufacturing facilities both ample and modern in every respect, 

I —service of a kind which has made Lewis-Shepard a buy-word 

. at many plants throughout the highly industrialized U.S.A.,—and 
i] across the water, too! 


INC. 


Branch: Crawfordsville, Ind. 


Soles Representatives in Principal Cities 
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PALLET STACKERS 
FLOOR TRUCKS 
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ELECTRIC, GAS-ELECTRIC AND GASOLINE POWERED FORK TRUCKS 
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We’VE added about 3,000,000 new tele- 
phones so far this year — more than twice 
as many as ever before. 


That’s one reason why local telephone 
calls are up 25,000,000 a day over last 
year. Long Distance calls have more than 
doubled since before the war. 


We're doing some fast stepping to 
meet your needs, in spite of shortages of 
materials. 


Best of all, service has remained good 
on most calls, despite the large increase 
in the use of the telephone. There are 
some delays, but we’ll be taking care of 
all of them just as soon as additional 
equipment can be made and installed. 


BELL TELEPHONE SYSTEM @ 
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heavy and well reasoned, and we have had to limit the number 
admitted only because of the importance of retaining an appro- 
priate share of opportunity for civilian graduate students to be 
trained for professional careers in industry or education. 


Samson Cordage W orks The Financial Outlook 


In August, I announced the Corporation’s decision to increase 
the Institute’s tuition from $600 per academic year to $700, the 
increase to take effect with the opening of the summer term in 


Reg. U. S. Pas. Of. 


Boston 10, Mass. 


Manufacturers of braided cords of all kinds, in- 1947. This decision to raise tuition, as you well know, was made 
cluding sash cord, clothes line, trolley cord, reluctantly and only after rising costs made it unmistakably 
signal cord, shade cord, Venetian blind cord, necessary. At the time the tuition was announced, we estimated 
awning line, etc., also polished cotton twines that our unit expenses had risen 28 per cent since 1939-1940. 
and specialties. They are still rising, and we must expect this year, before the 


higher tuition takes effect, to run a large deficit, amounting to 
SPOT CORD several hundred thousand dollars. 

Aside from the difficulties arising from this present period of 
inflation, the Institute has long-term financial problems which 
must be squarely faced. Our primary need is for capital funds, 
both to provide necessary and forward-looking new facilities, 
and to increase our endowment. This past year endowment 
income was only 24 per cent of our total income; in 1939-1940 
it was 37 per cent. A large increase in the Institute’s capital 
resources must be a major objective of the Administration and 
Corporation during the period just ahead. . . . 

Internally the institution is sound and vigorous; externally 
its reputation is high. We should therefore face the future with 
confidence and a virile ambition for still further improvement 
and achievement. 


Reg. U. S. Pat. Of. 





Our extra quality sash cord, distinguished at a 
glance by our trade-mark, the colored spots. Es- 
ially well known as the most durable material 
r hanging windows, for which use it has been 
oh by architects for more than half a 
century. 











A regular stock Model No. 8BX Worm and Helical 
Gear Speed Reducer (ratio 60:1) controls the 
pulling of bi-metallic strip through this bright 
annealing furnace (through Hoskins electric fur- 
nace and controlled hydrogen atmospkere, water 
cooled) .. . then actuates the coiling of the strip. 
The integrity of the product .. . and the skilled 
engineering service behind the product .. . have 
’ brought WHS Speed Re- 
ducers quickly into na- 
tional prominence in 
hundreds of leading in- 
dustries. Have 
you our pock- 
et size Cata- 
log No. 145? 
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(HS) SPEED REDUCER DRIVE 


on this Bright Annealing Furnace 
in the Plant of W. M. CHACE COMPANY, DETROIT, MICH. 
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MATTER FROM ENERGY 














Creation of matter from en- 
ergy—reverse of the process in 
the atomic bomb— is only one 
of the surprising things that 
can be accomplished with the 
aid of the 100,000,000-volt G-E 
Betatron. It can also: 


@ free particles of matter 
traveling at 99.99 per cent 
the speed of light, 


@ Produce the most powerful 

x-rays known to science, 

@ generate radiations here- 

tofore available only in 
cosmic rays. 

The Betatron is one of the 
big guns used by G.E. in find- 
ing nuclear facts that may be 
important in the production of 
atomic power. 


GERM-KILLING LAMP 

Lamps that disinfect the air 
through which their rays pass 
have been developed in the lab- 
oratories of the G-E Lamp 
Department. 

Hospitals, military barracks, 
factories and schools use them 
to clean the air of bacteria. 

Of particular importance to 
bakers, meat handlers and 
other food processors is the fact 
that G-E Germicidal Lamps 
also kill molds. 








BOUNCER 

In the G-E Research 
Laboratory, scientists turn 
up interesting new sub- 
stances first and look for 
uses later. 

Not so long ago they dis- 
covered “‘bouncing putty,” 
a lively silicone by-prod- 
uct. But no one could find 
a use for it. 

A sailor did. Hospital- 
ized with an injured hand, 
he wanted something to 
knead in order to keep his 
fingers limber as they 
healed. Bouncing putty did 
the trick. 














ELECTRONS AT WORK 


New electronic devices 
worked out in G-E laborato- 
ries include: 


@a canteen machine 
which grills hot dogs, 
hamburgers and cheese 
sandwiches in the heat 
of electronic oscillator 
tubes, 


@ a filter which cleans air 
by electrically charging 
motes of dust andsmoke, 
then drawing them to 
magnetized plates, 


® an electronic newspaper, 
to be delivered on radio 
waves soon in a dozen 
cities, 

@ a super-size 16-by-22- 
inch screen for G-E tele- 
vision receivers. 


GENERAL @ ELECTRIC 








X-RAY BUSES 





Four G-E built x-ray buses 
have been purchased by the 
State of Illinois to help in the 
fight against tuberculosis. 
These “‘x-ray rooms on wheels” 
will be used to conduct a state- 
wide case-finding T.B. survey. 


X-ray buses make it possible 
to provide such service without 
prohibitive cost because of spe- 
cial x-ray equipment. This 
equipment permits the use of 
miniature film and cuts chest 
survey cost by 88 per cent in 
comparison with the cost of 
standard, large-size x-ray films. 


The State Health Depart- 
ments in many other states are 
also equipped with these units 
and conduct x-ray surveys in 
co-operation with local medical 
groups, and T.B. associations. 


TWO-WAY BLANKET 


General Electric engineers 
have perfected an electric blan- 
ket with which different tem- 
peratures can be maintained on 
both sides of a bed. Complete 
with two sets of wiring and 
dual-temperatures control, it is 
possible for two people in the 
same bed to adjust the bed 
warmth to their individual 
needs. 






at- NRNOLD THERE IS 


NO CEILING ON QUALITY 


We are not satisfied merely to offer you magnets 
which come up to the proposed R.M.A. standards 

. this is our minimum requirement. A quality 
floor below which we refuse to go. 





Nor are we satisfied that ordinary production and 
inspection methods offer you adequate quality pro- 
tection . .. we individually test each Arnold magnet 
in a loud speaker structure before shipment. 


Another “individual touch" which has contributed 
to winning industry-wide customer acceptance for 
Arnold magnets is our established minimum stand- 
ard of 4,500,000 BHmax for Alnico V material. 


Over five million Arnold loud speaker magnets of 
the R.M.A. type have been produced since V-J Day 
under these quality safeguards. Continued adher- 
ence to them assures you of long-lived, dependable 
product performance. 


In the mass-production of magnets, the Arnold 
“individual touch” does make a difference. Let 
us give you the whole story. 


THE ARNOLD ENGINEERING COMPANY 


Specialists in the manufacture of ALNICO PERMANENT MAGNETS 








ROCKETS IN BATTLE 
(Continued from page 100) 


rockets one such cruciform grain of proper size and length 
constituted the propelling charge, burning along its en- 
tire length inside a steel tube which carried the warhead 
in front and a set of exhaust nozzles in the rear. The 
fins, of which there were two types, were also attached 
to the rear end. Rockets of simpler mechanical construc- 
tion used fins which were permanently fixed in one posi- 
tion. More elaborately constructed rockets used fins 
which folded back into recesses when the rocket was in- 
side the launching tube and which spread as soon as the 
rocket was under way. Spinner rockets, employing the 
Hale principle, were also used, but the spin was imparted 
by means of slightly inclined exhaust nozzles. 

When reading the following listing of American war 
rockets, one should keep in mind that some of them were 
hurry-up developments and makeshift arrangements. It 
should also be remembered that the whole array merely 
represents the beginning of a new evolution, and it 
should not be assumed that all these applications are 
more or less final. It is quite possible that both the porta- 
ble rocket weapons and the airborne rockets may be 
replaced again by the new recoilless guns. Many of these 
ordnance rockets will not last, but they did their jobs 
well while they did last. 

The tabulation is enlightening, to be sure, as a means 
of comparing the performance of different kinds of re- 
cently devised rockets, but when viewed as a means for 
providing historical perspective the list is even more re- 
vealing as an indication of the tremendous strides which 
have been made in processes of industrial manufacture. 
Even the experimental models of today’s rockets are made 
by methods vastly more precise and speedy than were 
used for the production run of earlier rockets recorded in 
this article. 


List oF UNITED STATES ORDNANCE ROCKETS 
Worip War II 


Portable Rocket Weapons 


Bazooka. Antitank rocket for direct fire, with portable launcher 
to be operated by a two-man team. Effective range, 200 yards. 
Warhead with penetrating shaped charge. Diameter of propel- 
ling rocket, 2.36 inches. The same rocket existed with a war- 
head filled with white phosphorus for smoke and incendiary 
action. 

Super Bazooka. Improved version of the former. Dimensions 


same as original bazooka but fitted with a heavier propelling 


charge extending effective range to 700 yards. 
Bazooka, 3.5-inch. Details of this rocket are still secret. 


Airborne Rockets 


Retro-rocket. Antisubmarine weapon fired backwards with ve- 
locities matching plane speeds so that the rocket fell vertically 
over the area where a submarine was known to be. There were 
three different rocket bodies to match the flying speeds of three 
airplane types used for submarine patrol. The head of this 
rocket was a modified version of the “‘mousetrap” rocket 
and carried 35 pounds of high explosives. Retro-rockets ac- 
counted for the last “probably sunk” German submarine of 
the war, on April 30, 1945. 

Retro Float Light. Same as above, but fitted with flare. 

3.5-inch Antisubmarine Rocket. Over-all length, 5414 inches; 
total weight, 54 pounds. Propelling charge consisted of one 
(Continued on page 118) 
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INDUCTION HEATING is ideal for hardening of 
gears (see above), contour hardening, brazing, soft 
soldering and annealing. 





RADIO FREQUENCY HEATING 


gives you heat where you want it...as you want it 


For many years, man has used external heat to harden, 
braze, solder, or anneal metals —to condition or other- 
wise treat such substances as rubber, textile fibers and 
the gluing of wood. 

Now, through Electronic Radio Frequency Heat- 
ing, science has achieved the modern miracle of /eat- 
ing without heat! 

The outstanding feature of Induction Heating of 
metallic substances...and Dielectric Heating of non- 
metallic substances... is the generation of heat within 
the material itself and at temperatures higher than ever 


before obtainable. Frequencies used range from 200 
kilocycles to 50 megacycles. 

Induction and dielectric heating have accomplished 
wonders in reducing production time and cost...con-. 
trolling the rate and range of heating... improving 
quality and appearance of the product. 

If you are interested in using this new produc- 
tion tool in your business, send for booklet B-3620 
—or arrange for a showing of our new sound 
motion picture in full color: “Radio Frequency 
Heating.” 


Westinghouse 


PLANTS IN 25 CITIES 


OFFICES EVERYWHERE 


TUNE IN TED MALONE — MONDAY, WEDNESDAY, FRIDAY, 11:45 A.M. EST, AMERICAN NETWORK 





DURING THE WAR Westinghouse research engi- 
neers pioneered induction heating equipment for 
reflowing tin on electrolytic tin plate. Result one 
pound of tin now does the work of three. 








DIELECTRIC HEATING has many advantages over 
conventional heating in bonding plywood (see 
above), molding plastic preforms, textile process- 
ing—and curing plastic laminates, rubber, etc. 





ROCKETS IN BATTLE 
(Continued from page 116) 


8.5-pound grain. The head was solid steel, weighing 20 pounds. 
3.5-inch Antisubmarine Rocket. Same rocket but fitted with 
5-inch high-explosive warhead weighing 50 pounds. 

}.5-inch Aircraft Rocket M-8. Total weight, 38 pounds, fitted 
with warhead containing five pounds of high explosives. At first 
with fixed fins, replaced later by folding fins. This rocket was 
fired from the well-publicized, three-tube clusters carried under 
the wings of various types of aircraft. 

115-mm. Aircraft Rocket. Also known as the “super 4.5- 
inch.” Over-all length, 6 feet; total weight, 103 pounds; weight 
of warhead, 40 pounds. Had four fixed fins. Longer range and 
more accuracy than the M-8 rocket. Two types of heads: one a 
semi-armor-piercing head; the other, a fragmentation casing 
holding 8.5 pounds of high explosives. 

5-inch HWAR (high-velocity aircraft rocket) nicknamed 
“*Holy Moses.” Over-all length, 6 feet; total weight, 140 pounds. 
Propelled by a 24-pound grain. The rear end consisted of a disk 
with eight peripheral propulsion nozzles and a somewhat larger 
central nozzle closed by a metal plug which would hold at ordi- 
nary operational inside pressures but would be blown out if the 
pressure approached the safety limit. This type of rocket, intro- 
duced in combat in July, 1944, became the most used air-to- 
ground rocket of the United States armed forces. 

“Tiny Tim.” Over-all length, 10 feet, 3 inches; diameter, 
1134 inches; total weight, 1,284 pounds. Warhead weighed 590 
pounds and held 150 pounds of T.N T. Propelling charge 
consisted of four grains with a total weight of 146 pounds. The 
rocket was launched by dropping it from the plane which 
carried it, with a lanyard attached to both plane and rocket. 
Rocket was ignited when lanyard was fully extended. First 
test in August, 1944: only combat use, Okinawa. “‘ Unfortu- 


nately,” as the official report phrases it, “‘the results could not 
be accurately ascertained. There were, it seems, so many 
things being thrown at the Japanese on Okinawa that it was 
impossible to distinguish the wreckage caused by “Tiny Tim’ 
from the general destruction.” 


Ground-to-Ground and Barrage Rockets 


4.5-inch M-8. Same as listed above. Had range of 4,000 yards 
when used as a ground-to-ground weapon. The Navy used it 
with fixed fins as a barrage rocket and the Army with folding 
fins. Multiple launchers developed for this rocket were “‘ Xylo- 
phone” (8 tubes, truck-mounted) and “Calliope” (60 tubes, 
mounted on turrets of General Sherman tanks). 

}.5-inch Smoke Rocket. Same rocket, adapted for the laying of 
smoke screens. When carrying smoke composition head its 
range was 1,100 yards. Agent used was at first “FS Liquid 
Smoke” (a mixture of sulphurtrioxide and chlorosulphonic 
acid); later, white phosphorus. The 3.5-inch aircraft rocket 
also existed in a version adapted to smoke-screen laying. 

7.2-inch Demolition Rocket. Warhead carried 32 pounds of 
high explosives. In appearance the rocket looked like a club. The 
Army launcher devised for it was nicknamed ‘Whiz Bang,” 
and the 120-round Navy launcher for the same rocket (used 
from special rocket boats) was called ‘* Woofus.” 

7..2-inch Chemical Rocket. Range up to 3,000 yards, was used 
for smoke composition and could have been used for poison 
gas. Each rocket carried 20 pounds of chemicals. The chemical 
7.2-inch rocket had a special 24-round launcher nicknamed 
“Grand Slam.” 

,.5-inch Spinner Rocket M-16. Spin-stabilized rocket of same 
over-all weight as M-8, but with a range of 5,250 yards and a 
slightly heavier warhead. Launchers for this weapon were 
“*Honeycomb” (24 tubes) and ** Hornet’s Nest’ (60 tubes). A 

(Concluded on page 120) 


MARKET FORGE COMPANY 


STANDARDIZED MATERIALS HANDLING EQUIPMENT 















LOAD-VEYORS 


SEND FOR LOAD-VEYOR 


MANUAL No. 1004MH 












A — One man can eas- 
ily handle 58-pound 10 


foot section. safe 


B— Rigid or portable 
adjustable stands. 





A MAGIC CARPET 
FOR INDUSTRY 


Load - Veyors combine great 
strength and light weight. Ex- 
clusive Market Forge features 
... grid construction supports 
ball bearing rollers on both 
- hardened inner and 
outer ball bearing races min- 
imize wear . . 
may be used on either side. . . 
rails on reverse side provide for 
conveyance 
packages. 


sides . . 


Write for neme of nearest In- bd 
dustrial Distributor who stocks ; on 
this equipment. ; ’ 












LOAD-LIFTS 


SEND FOR LOAO-LIFT 


MANUAL N OOSMH 


. Load-Veyors 


of small 





SIMPLIFY YOUR 
HANDLING PROBLEMS’ 


The use of the Load-Lift system 
will greatly increase your plant 
efficiency for the smallest cap- 
ital in of any adeq 

materials handling system. 
Saves double handling — uti- 
lizes space advantageously — 
reduces fatigue — eliminates 


damage from el 
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Note: One skirt of the valve 
plug is 90° out of position in 
relation to the other. 
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EXPANDED DIAM 





Mason-Neilan method of pinning plug & plug 
stem assures strongest possible assembly 


NOMINAL DIAM 


The tee head construction used on some earlier control 
valves required clearance between the stem and plug to 
allow for bonnet and seat misalignment, permitting lost 
motion (vertical and rotary) which cannot be tolerated 
since the plug must respond to the slightest pressure 
change on the diaphragm. 


Pins have three grooves extending from end 
to end, except for a short distance on one end 
which is the nominal diameter of the pin and 
serves as a pilot for driving. 





The present Mason-Neilan threaded and pinned stem 
QRIGINAL SHAPE oF GRO 





and plug construction does away with all toggles and 
free alignment joints, yet any tendency towards binding 
has been eliminated by pilot machining on the bonnet 
and blindhead and by holding all machine operations to 
close tolerances. The plug guide is drilled and tapped 
with a pilot section above the threads for accurate cen- 
tering of the stem. The threaded joint provides the 
mechanical strength for holding the two parts together. 
The stem is locked into the plug by a special grooved pin 
which fits tightly at both ends in the guide as well as in 
the center through the stem. 





WHEN DRIVEN IN 
HOLE SURFACE 





EXTRUDED ME TAL 
SHOWN EXAGGERATED 
FOR"CLEARNESS _ 





MASON-NEILAN REGULATOR COMPANY 


1190 Adams Street, Boston 24, Massachusetts 
Cleveland 


New York 
Adlanta 


Pittsburgh 
Houston 


Philadelphia 


St. Louis Los Angeles 


Mason Regulator Co. of Canada, Ltd., Montreal, Canada 


Chicago 
San Francisco 






Tulsa 


In forming the grooves, .a por- 
tion of the metal is displaced 
locally at the sides leaving a 
bulge of extruded metal along 
the edges of grooves and re- 
sulting in an expanded diam- 
eter. The action consists of 
forcing the elastic bulges 
partly back into the grooves 
when the pin is hammered or 
pressed into the drilled hole, 
thus forming an extremely 
tight fit against the hole wall. 
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What CO2 


Applications 
Can My Company Use? 







You will find this chart valuable as 
a check list of possible applications 
to your processes or problems. It’s 
an up-to-date summary of the indus- 
trial uses of DRY ICE and CO>. All 
— described are in every- 

ay use ... Many may surprise you 
by their novelty and ingenuity. 
Practically every industry = need 


idx for DRY ICE and CO2. New uses 
RED i] MOND are being discovered constantly. 
g ~ Ask for a copy of this chart without 
Ci. ace obligation. Every Y sonal user should 
Gag Hee ; 


have it. Write to 
= Soe ee ee me ce meme 
The Liquid Carbonic Corporation, 
t 3110 South Kedzie Avenue, Chicago 23, lilinois i] 
Gentlemen: Please send me a free copy of your new “Chart of 


1 Industrial Uses for Dry Ice and CO.” 
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ROCKETS IN BATTLE 
(Concluded from page 118) 


proximity fuse for the 4.5-inch spinner had been developed but 
was not actually used. 

3.5-inch Spinner Rocket. Experimental only, not issued. 

5-inch Spinner Rocket. Over-all length, about 30 inches; total 
weight, 50 pounds; range, between 700 and 1,000 yards, de- 
signed for penetrating flat-angle fire. Like the 115-millimeter 
aircraft rocket, the 5-inch spinner came with two types of war- 
heads, one semi-armor-piercing, and one a general purpose 
head. 

5-inch Spinner Barrage Rocket. Total weight, 50 pounds; 
over-all length, 32 inches; range, 5,000 yards. Two other 
spinner barrage rockets of the same caliber, but with ranges 
of 1,250 yards and 2,500 yards, respectively, were under devel- 
opment, but only the long-range type was used in action. 


Special Applications 

“Minnie Mouse.” The rocket fired from the ‘‘mousetrap”’ 
anti-submarine projectors. The rockets were fired in the subma- 
rine area and sank at once. The fuse of the warhead was armed 
by water pressure, but water pressure of a certain depth did not 
set it off as in the case of depth charges. The fuse was an impact 
fuse, operating on contact with the hull of the submarine. 

Window Rocket. The 3.5-inch aircraft rocket adapted for 
the carrying of radar “ window.” Each head carried up to 75,000 
pieces of aluminum foil, 34g of an inch wide and from 1.5 to 
16 inches long. 

AA Target Rocket. The 3.5-inch rocket with large plywood 
fins, attaining a range of one mile and an average speed of 360 
miles an hour. Used for training in antiaircraft gunnery. 

Harpoon Rocket. A line-carrying rocket with a pointed head 
with four folding spades and two 4.5-inch rockets in tandem. 
The first rocket did the actual carrying; the second, ignited 
by a delay fuse, forced the pointed head deep into the ground. 
Pull on the line expanded the spades. 

Snake. A long chain of metal plates, each 5 feet long and 5 
inches wide. Total length, 100 feet; the front plate had an up- 
sweep like a ski and mounting brackets for a 4.5-inch rocket. 
T.N.T. bricks were clamped to the plates; the whole was used to 
detonate a path through enemy mine fields. 


POST-INDUSTRIALISM 
(Continued from page 103) 


without the necessary organs of collective association 
and responsible social control.” * If this is not the heart 
of the protest against modern industrialism, it is cer- 
tainly very close to it. 

Aristotle believed that men came together in cities in , 
order to live and that they remained in order to live the 
good life. The skepticism which is dampening the opti- 
mism of modern industrial peoples has to do with the 
problem of whether they can manage to exist under the 
conditions of industrialism as they have known it, much 
less to achieve the good life. 

Whatever the good life may prove to be in modern 
technological culture, at least it must pivot around life 
itself. A civilization must achieve an organic ideology. 
So long as the machine remains the archetype of our ex- 
istence, this prospect must remain dim, for at the expense 
of the development of human values, industrialism neces- 
sitates mechanical multiplication, power, expansion. As 

(Concluded on page 122) 


5 Ref. Mumford, op. cit. page 239. 
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ANNOUNCING THE NEW 


HYDRAULIC INTERNAL GRINDER 











he new No. 112-M Bryant Internal Grinder 

is designed to precision grind bores up to 9 
inches in depth in extra-long, hard-to-chuck 
parts. Work, such as a machine tool spindle, a 
long arbor, or a shaft, is supported rigidly, 
either in a hollow work spindle and steady rest, 
or by a special fixture that allows the work to 
run in its own bearings. And, the 112-M offers 
flexibility that is particularly valuable where 
production schedules require frequent set-up 
changes. Adequate longitudinal and swiveling 
adjustments are provided for grinding tapers 
up to 30 degrees and reverse tapets up to 10 
degrees. A hydraulic retracting mechanism for 
the wheel slide facilitates loading and gaging 
long parts, while conveniently located controls 
simplify operation and set-up. Complete details, 
capacities and dimensions are contained in the 
new catalog sheet and will be sent on request 
—or better still, if you have any work or 
problems that involve internal grinding— 
Send for the man from Bryant. 





@— BRYANT CHUCKING GRINDER CO. 


= SPRINGFIELD, VERMONT, U. S. A. 
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F or om Tify Years 


ESTABLISHED REPUTATION 
FOR DOING THE BEST WORK 
IN THE SHORTEST TIME AND 


AT THE LOWEST COST 








C= SP 


LORD ELECTRIC COMPANY 


INCORPORATED 


ELECTRICAL CONSTRUCTION 


10 Rockefeller Plaza, New York 20, N. Y. 
Telephone CIrcle 6-8000 


131 Clarendon Street, Boston 16, Mass. 
Telephone COMmonwealth 0456 


1201 Plaza Building, Pittsburgh 19, Pa. 
Telephone COURTIand 1920 












POST-INDUSTRIALISM 
(Concluded from page 12.) 


the machine, with its economic and social congestion 
diminishes its mastery over human lives, a new frame of 
thought and action can emerge. A life-conditioned frame 
becomes possible with accent on individual human growth, 
norms, and inter-relationships. The new bio-technical 
community of man and nature, which post-industrialism 
brings to flower, swings the focus of collective attention 
from high concentration to a pattern of life which engages 
the depths of human experience. Industrialism has surely 
proved that concentration of physical power does not 
mean the same thing as the integration of human 
powers. 

Basically, the problem of industrialism today is one of 
expectations. The technological conquest of the environ- 
ment by industrialism is close to completion; some indus- 
trial countries have just about put the finishing touch to 
their industrial plant. Technologically, man can get what- 
ever he wants. Practically, he does not. The problem be- 
comes a simple one of showing the modern industrial man 
that he cannot get what he wants (which is contrary to 
the industrial pattern of motivations), that he should not 
fulfill his legitimate needs (which is cultural retrogres- 
sion), or that he must be content with less than, or some- 
thing quite different from, his justifiable desires (which 
is both industrially and culturally backward). The trouble 
with industrial people has been that they have not taken 
the time to find out just what kinds of experiences are 
possible and desirable, or how much opportunity there ex- 
ists for the full development of human culture in a ma- 
chine technology. A better, more wholesome, more highly 
developed cultural life might be expected to be their lot 
if industrial people would devote more attention to find- 
ing a solution for this interesting problems. 

The post-industrial developments in machine technol- 
ogy — the gasoline motor, electric transmission, plastics, 
electronics, nucleonics — are hastening just such a con- 
sideration. The fact is, industrialism is decentralizing 
under our very eyes. A decentralizing industrialism makes 
possible the personalization of human relations in the 
resurrection of the small town, the small enterprise, 
the truly co-operative undertaking. Decentralized indus- 
trialism promises to make possible a personalized society 
in which whole human beings participate as significant 
persons, not as specialized functionaires, in the situations 
of collective living. Should this trend continue, the vica- 
rious satisfactions of an anonymous industrial society will 
slowly give way to the direct, personal sharing in activi- 
ties which, since long before industrialism, human beings 
have cherished. 





PRECISION-GAUGED 
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PRECISION PRODUCTS COMPANY 
WALTHAM, MASSACHUSETTS 
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PENFLEX FLEXIBLE METALLIC INTERLOCKED 


GALVANIZED STEEL HOSE, BRONZE 
STEAM HOSE ...... 


PENFLEX — Four-wall Interlocked gives you high resistance 


to wear, absorption and fire. It is vibration-absorbing . . . 
severe pulsations of pressure and frequent flexure do not 
affect its useful life. Four-wall Interlocked construction pro- 
vides a combination of great strength and flexibility, yet the 
metal itself does not bend . . . the hose remains tight. Full 


flow area is always maintained; this hose cannot collapse. 


AVAILABILITY — penriex GALVANIZED STEEL HOSE — for oil, 


grease, hot tar, paint, gas, air or any other free-flowing 
material or liquid. Fire-resistant. Has inherent electro-static 
protection. Is easy to handle. Resists vibration and high 


temperatures. Is strong and flexible. 


PENFLEX BRONZE HOS€ — for water or steam, and for many types 


of application on processing equipment. Has all of the advan- 
tages of galvanized steel and is resistant to corrosive action. 


NOTE: Also available in various alloys. 


your TANKS, VATS, PROCESSING EQUIP- 
MENT ana PIPE SYSTEMS 





THREE BASIC TYPES—sranparp Four-WALt INTERLOCKED 


—for heavy duty service. Interlocked construction provides 
maximum strength with simple construction. 

TYPE HR HIGH RIDGE— medium duty hose. High ridge joint 
affords greater relative motion between corrugations than 
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RADIOACTIVE BLOOD CELLS 
(Continued from page 94) 


sodium-citrate-dextrose solutions, namely, DeGowin’s and 
Alsever’s, were found to give adequate preservation for 





A 
ig 
| 


periods of from 12 to 15 days. The ratio of diluent to| 


blood drawn was very high in these solutions, and yet 
this dilution did not seem particularly to aid preservation. 
Another high dilution solution with phosphate buffer, 
McGill solution, was found to be good for only 12 days. 
The addition of hydrochloric acid to the sodium-citrate- 
dextrose solution also gave preservation for 20 days. The 
best preservation was obtained with acid citrate dextrose 
commonly referred to as ACD. Two solutions were 
studied, both at a pH of 5.0, in one of which 120 ce. and 
in the other 75 cc. were used for the taking of 500 cc. of 
whole blood. These solutions gave satisfactory preserva- 
tion for from 21 to 26 days. 

No truly satisfactory solution to be added to packed 
red cells immediately after the removal of plasma ever 
was found. Ten per cent corn syrup permitted trans- 
fusion up to 10 days after drawing. Various phosphate 
buffered, citrate buffered, and bicarbonate buffered solu- 
tions permitted preservation for 10 to 16 days, but none 
of these solutions preserved resuspended red cells long 
enough to permit of their being shipped overseas with 
any guarantee that they could meet the 21-day period. 

It was found, however, that if whole blood was taken 
in the acid-citrate-dextrose solution, promptly centri- 
fuged and the plasma withdrawn, the cells could be 
stored in the packed state at optimal refrigeration tem- 
peratures, resuspended in a slightly hypertonic saline 
solution (1% NaCl or 0.85% NaCl plus 0.5% dextrose) 
just prior to transfusion, and could be transfused up to 21 
and, in some instances, 25 days of storage, as if the cells 
had been stored as whole blood. 

The acid-citrate-dextrose solution, therefore, was rec- 
ommended by this group to the Committee on Medical 
Research of the Office of Scientific Research and De- 
velopment, and by that office, to the Surgeon General’s 
Office, for use in its overseas whole-blood program. 

The determination of post-transfusion survival of the 
cells was one aspect of the study, but it was also of 
interest to learn something about the fate of those cells 
which were not retained within the recipient’s blood 
stream. The method permitted of measuring both the 
quantity of these deteriorated cells and their rate of 
disappearance. It was observed that with well preserved 
blood, the rate of disappearance was extremely slow and 
usually complete within 24 hours. In the poorly pre 
served blood, the rate of disappearance was much more 
rapid, the bulk of the non-viable cells being destroyed 
within the first four to six hours after transfusion. This 
implied that a rather severe burden had been placed 
upon the reticulo-endothelial system of those patients 
who had received poorly preserved blood. The ability of 
the body to clear itself of plasma hemoglobin has been 
studied, and it was shown by calculation, on the basis 
of the radioactivity data, that until the preservation of a 
given transfusion fell below the 70 per cent level, the 
recipient’s plasma hemoglobin level probably would not 
rise to dangerous levels. If only 70 per cent of the cells 
survived, the plasma hemoglobin level might temporarily 
exceed the renal threshold for hemoglobin, but the 
(Continued on page 126) 
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RADIOACTIVE BLOOD CELLS 
(Continued from page 124) 


mechanism was still efficient enough to clear the plasma 
of the hemoglobin within a relatively short period. If less 
than 70 per cent of the cells survived, plasma levels 
would undoubtedly be reached at which hemoglobin 
could not be promptly cleared from the blood stream. It 
was for this reason that the recommendation of a minimal 
acceptable preservation of at least 70 per cent of the 
transfused cells was made. 


Technique of Refrigeration 


Experiments also were conducted to determine the 
optimal range of refrigeration for blood in acid-citrate- 
dextrose, both during depot storage and aerial and land 
transportation. These experiments were conducted in 
collaboration with medical officers of the United States 
Navy and United States Army. In one experiment 10 
bloods were taken in acid-citrate-dextrose and placed in 
a specially prepared, light-weight refrigerator to which was 
attached a recording thermometer. The thermal element 
of the instrument was in close proximity to the blood 
bottles. A dioxane indicator in the form of an L-shaped 
tube in which a small amount of dioxane, melting at 10°C., 
had been sealed, was secured to the neck of each bottle. 
Prior to fastening the indicator to the bottle the dioxane 
was frozen in the upper arm of the tube. The refrigerator 
held about 80 pounds of water ice, and was tightly sealed. 
This was flown from Boston to Oakland, California, and 
back, during the course of five days, during which time 
it was in flight about 70 hours. The refrigerator was re- 
iced at Oakland. On return to Boston, none of the dioxane 
indicators had melted. The recording obtained from the 
thermometer also indicated that, in all probability,. the 
temperature inside the refrigerator had not exceeded 
10°C. at any time during its travel. These 10 bloods were 
transfused into individual recipients from 9 to 26 days 
after they had been drawn. In all cases, survival was 
satisfactory; the lowest survival of any of the bloods 
being 76 per cent. This experiment was regarded as 
sufficient evidence of the safety of refrigerated aerial 
transportation by Navy medical authorities in planning 
their Pacific overseas whole-blood program. 

In another experiment, five bloods in Alsever’s solution 
(sodium-citrate saline-dextrose, citric acid, high dilu- 
tion), and five bloods in ACD were flown to Paris and 
back. These bloods were not placed in a refrigerator but 
were simply wrapped in the original cartons in which the 


empty bottles had been received. Due to the exigencies of 


transatlantic flight during war in winter, a complete 
itinerary was not obtainable. However, the dioxane 
indicators had melted on return. Four of these bloods 
were transfused into individual recipients, and in no 
case was survival satisfactory. These bloods were from 
19 to 20 days old, and survival was less than 30 per cent. 

These two practical experiments illustrate forcibly the 
need for constant refrigeration to obtain adequate pres- 
ervation of blood. This is particularly important in the 
matter of transportation and the handling incident to 
forwarding to battle areas. It was found that the optimal 
range of refrigeration lies between 4 and 10°C. and that 
6° is probably preferable. It was also found that once 
deteriorative changes start in bloods stored above optimal 
(Continued on page 128) 
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RADIOACTIVE BLOOD CELLS 
(Continued from page 126) 


temperature, subsequent refrigeration at optimal tem- 
perature does not retard the initial rate of deterioration. 
Refrigeration from the time of drawing up to the time of 
administration is an absolute essential. In summary, then, 
it was found that whole blood taken in ACD may be safely 





_— 


transfused after refrigerated storage either in depot or | 


during air, land, or sea transportation up to 21 days. 


Military Uses of Whole Blood 


The first use of whole blood in military surgery is re- 
placement of lost blood due to wounds. The second use is 
the alleviation of a characteristic of the circulation in 
peripheral-vascular collapse, namely, the trapping out of 
active circulation within capillary beds of large amounts 
of red cells. This trapping leads to widespread anoxemia 
of tissue and all organs throughout the body, with 
eventual damage to the function of parenchymal cells. 
In addition to replacement of lost blood volume, success- 
ful therapy of shock depends upon the return of these 
trapped cells to active circulation, and the restoration 
to normal of capillary flow through all the organs. Prob- 
ably far more serious than the known damage to the 
renal mechanism of the administration of badly pre- 
served blood is the failure of such blood to accomplish 
its intended purpose, namely, restoration of circulation. 

The reutilization of hemoglobin iron from non-viable 
cells was found to be about 60 per cent, even when large 
transfusions of poorly preserved cells were given. Since 
the utilization of iron by mouth is notoriously small, 
normally one to three per cent, the non-viable cells of 
these stored bloods served the useful purpose of supplying 
larger quantities of iron for red-cell regeneration than 
could ordinarily have been supplied. This had a favorable 
effect in hastening blood regeneration during conva- 
lescence. 
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Edgar P. Palmer '25 





FRANK MASSA 
Electro-Acoustic Consultant 


DEVELOPMENT —— PRODUCTION DESIGN ~~ PATENT ADVISOR 


Loud Speakers — Microphones — Sound Powered Telephones 
Supersonic Generators and Receivers 
Electro-Acoustic Instruments 
Underwater Sound 


3393 Dettwoop Roap CLeveLanD Heicuts, On10 





ALABAMA 
Rosenrt C. Stosert 12, P. O. Drawer 1392, Birmingham 


ARKANSAS 
Lesuie A. Jackson ’09, Manager, Little Rock Municipal Water 
System, Little Rock 


CALIFORNIA 
Epwarp J. Ritey 09, Graybar Electric Company, Inc., Ninth and 
Howard Streets, San Francisco 
Forp W. Samais ’28, 433 South Spring Street, Los Angeles 13 


COLORADO 
A.tFrrep E. PeruMan ’23, Denver and Rio Grande Western Rail- 
road Company, Denver 1 


CONNECTICUT 
Freperick W. Green ’82, Nash Engineering Company, Wilson 
Avenue, South Norwalk (Bridgeport area) 
Gerorce L. Mytcuresst ’10, 238 Palm Street, Hartford 
Cares E. Situ 00, Railroad Office Building, New Haven 
DISTRICT OF COLUMBIA 
Wiiuram C. Menarrey °17, 1630 North Greenbrier Street, Arling- 
ton, Virginia 
FLORIDA 
Grorce W. Simons ’15, Hildebrandt Building, Jacksonville 
CLARENCE P. THAYER ’23, 4212 N. W. Sixth Avenue, Miami 
Frankuin O. Apams ’07, 305 Morgan Street, Tampa 
GEORGIA 
WiiuaM E. Hucer ’22, 11 Marietta Street, N.W., Atlanta 1 
ILLINOIS 
Rosert W. Ciyne ’30, American Steel Foundries, 400 North 
Michigan Ave., Chicago 11 
INDIANA 
Frank C. Bake ’14, Balke and Krauss Company, 427 West 
Market Street, Indianapolis 
KANSAS 
Frep C. Kocn ’22, Winkler-Koch Engineering Co., 335 West 
‘Lewis Street, Wichita 
KENTUCKY 
Tinstey W. Rucker III ’31, The Crescent Panel Company, 32d 
and Market Streets, Louisville 12 


LOUISIANA 
Tueopore O. Horarp ’12, 221 Pelican Avenue, New Orleans 14 


MAINE 
Frank A. Knicut ’38, Eastern Corporation, Bangor 
Lewis D. Nisset ’09, 44 Montrose Avenue, Portland 


MARYLAND 
Grorce W. Spaupine 21, 1605 Lexington Building, Baltimore 1 


MASSACHUSETTS 
Rosert F. Burnett ’10, 85 North Main Street, Fall River 
A. Russe.u Pierce, Jr. ’31, Palmer Scott Boatyard, New Bedford 
Lynn WETHERILL 25, High Voltage Bushing Engineering Division, 
General Electric Company, 100 Woodlawn Avenue, Pittsfield 
ALBERT D. Kina ’32, De Bell and Richardson, 3 Post Office Alley, 
Springfield 
MICHIGAN : 
Apam K. Srricker ’29, 1227 Bishop Road, Grosse Point Park, 
Detroit 
MINNESOTA 
Le.Lanp Capper ’09, 5600 London Road, Duluth 
CHar.es W. Drew 719, Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis 
MISSOURI 
Harry L. Havens ’09, Havens Structural Steel Company, 1713 
Crystal, Kansas City 
Westey W. WepEMEYER ’30, Wedemeyer and Hecker, Architects, 
$19 North Fourth Street, St. Louis 2 


AREA PLACEMENT CHAIRMEN 
FOR MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Each man listed below will have information about positions for 
M. I. T. Graduates who want to locate in his particular area 

















MONTANA 
Water R. C. Russert 18, Anaconda Copper Company, Butte 


NEBRASKA 
Joun M. Hantey 30, Northern Natural Gas Company, Aquila 
Court Building, Omaha 


NEW HAMPSHIRE 
BuLayLock ATHERTON ’24, 142 Main Street, Nashua 


NEW JERSEY 
Georce A. CuuTTER ’21, 109 Central Avenue, Glen Rock (Newark 
area) 


NEW YORK 

ANDREW F. A..EN ’12, State Department of Health, Albany 

Tuomas H. Speier ’29, General Engineering Company, 785 
Hertel Avenue, Buffalo 7 

Joun C. Fruit ’02, Equitable Life Assurance Society of U. S., 
393 7th Avenue, New York 1 

Raymonp G. Brown ’16, Comstock and Westcott Inc., Niagara 
Falls 

C. Kine Crorton ’22, 1132 Lincoln-Alliance Bank Building, 
Rochester 4 

A. J. Tacy ’27, Room 645, Building No. 2, General Electric 
Company, Schenectady 

J. Murray Hastines ’18, 606 Hills Building, Syracuse 


OHIO 

JaMEs B. Houpen ’30, 276 Sundale Road, Akron 

Kenneta A. Wricut 19, Johnson Service Company, 1905 Dunlap 
Street, Cincinnati 14 

Cuares B. Rowuey ’12, Charles Bacon Rowley and Associates, 
Keith Building, Cleveland 

James H. Buopcett ’20, Superintendent, Division of Sewage 
Treatment, Columbus 

EvucEene Herzoc ’27, 26 Cliff Street, Dayton 

Carton P. Wuarrtier ’27, Owens-Illinois Glass Company, P. 
Box 1035, Toledo 1 


OKLAHOMA 

W. J. Suerry ’21, 804 Kennedy Building, Tulsa 
OREGON 

Rosert E. CusuMan ’06, 618 N. W., Front Street, Portland 9 
PENNSYLVANIA 


Percy TiLison ’06, 3003 North Front Street, Harrisburg 
Epwarp J. Heary ’23, Philadelphia Brewing Company, 6th and 
Clearfield Streets, Philadelphia 33 
Haroitp L. Lane ’09, Carnegie Institute of Technology, Pitts- 
burgh 13 
G. C. Witson ’15, 907 East King Street, Lancaster 
Louis Morse 96, York Corporation, Roosevelt Avenue, York 
RHODE ISLAND 
Donatp G. Rossins ’07, c/o International Braid Company, 
47 Charles Street, Providence 
TENNESSEE 
Dana M. Woon ’06, 619 Union Building, TVA, Knoxville 
Dona.p W. SoutuaatTe "11, Nashville Trust Building, Nashville 3 . 


TEXAS 
JoNnATHAN A. Noyes ’12, 1914 Commerce Street, Dallas 1 
Josepn H. McEvoy ’21, 202 McGowen Avenue, Houston 6 


UTAH 
GerorceE M. Gapssy 09, Utah Power and Light, Kearns Building, 
Salt Lake City 


VIRGINIA 
Dona.p N. Frazier "11, 1226 Mutual Building, Richmond 


WASHINGTON 
Ho.ianp H. Hovston ’24, 215 Fifth Street, Olympia (Seattle area) 
Homer C. BenpEr ’09, 921 East 19th Street, Spokane 


WISCONSIN 
Purr N. Crista ’17, 720 East Wisconsin Avenue, Milwaukee 2 








‘Placement ‘Bureau «+ 





Massachusetts Institute of Technology 


Cambridge 39, Mass. 
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MANHATTAN'S 


GOndozZ WHIPCORD V-BELTS y 


In a team of Condor Whipcord V-Belts there are no 
laggards to kill the load pullers. The inelastic stretch 
left in a Condor V-Belt after manufacture is negligible. 
The stout Whipcords that comprise the Strength 
Members of a Condor V-Belt are “laid to stay” in 


their firm matrix of Flexlastics. 


Flexing can be at high speeds and continuous on 
short centers without deterioration due to overheating. 


As the cross section shows, the Flexlastics surrounding 


8 ACKNOWLEDGED ADVANTAGES 


Wide margin of strength 
2. Minimum inelastic stretch 
Uniform flexibility 
1. Maximum resistance to structural 
breakdown 
Smooth running 
Maximum traction PE ANRAYYAR] 
High resistance to side wear 
Correct lateral reinforcement 
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the Whipcords afford an effective cushion against 
friction and are specially compounded to dissipate 
internal heat. Note the unusual flexibility of the 


Whipcord construction in the demonstration above. 


This means better contact in the sheave grooves... 


steadier pulling with multiple belts of uniform quality. 


Whether your drive is two belts or twenty, make 
sure you get all “pull” for your power costs by 
using CONDORS. 


The term FLEXLASTICS is an exclusive MANHATTAN trade 
mark, Only MANHATTAN can make FLEXLASTICS. 
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+ VACUUM-TUBE HIGH 
GRID VOLTMETER 
TYPE fo. SERA BO 
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HE Type 1800-A Vacuum-Tube Voltmeter 

is a new instrument based on the funda- 
mental designs of the Type 726-A, intro- 
duced by G-R in 1937. With greater sensi- 
tivity, increased ranges, improved probe 
construction, both d-c and a-c voltage cali- 
brations, and housed in a much more com- 
pact and convenient-to-use cabinet, the useful 
upper-frequency limit of this meter is ex- 
tended just about as far as present-day 


vacuum-tube construction will permit. 





A NEW 
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VaAcuuM-TuBE 
VOLTMETER 


INCREASED SENSITIVITY — with the. addi- 
tion of a O to 0.5 volt scale, sensitivity is ex- 
tended by a factor of 3 


CALIBRATED FOR DC AS WELL AS AC 


WIDER VOLTAGE RANGES — 0.1 to 150 
volts for ac; 0.01 to 150 volts for dc; both 
in six ranges 


ACCURACY OF +2°, FOR D-C AND 
SINUSOIDAL A-C VOLTAGES 


EXTENDED FREQUENCY RANGE — as low 
as 20 cycles with error of less than 2°) — 
up to 300 Mc maximum error is + 12° — 
useful for voltage indication up to 2,500 Mc 


IMPROVED PROBE — much smaller — nat- 
ural frequency increased to 1050 Mc — 
much better shielding — can be used with a 
variety of standard probe fittings, three of 
which are supplied 


A SINGLE ZERO ADJUSTMENT GOOD FOR 
ALL SIX RANGES 


NEW METER — easier to read — mirror for 
greater precision —no_ parallax — knife- 
Yofol Mm olol aii Tam olmt] o) ol-Tan ise] (1m olcololo Ml Lela iis 
for lower — face illuminated to eliminate 
reflections from glass 


EFFECTIVE INPUT RESISTANCE 25 MEG- 
OHMS AT LOW FREQUENCIES 


VERY LOW PROBE INPUT CAPACITANCE — 
ro} ofol ti MC MM Miliaceluliagehiclgeles 


PLATE VOLTAGE SUPPLY EQUIPPED WITH 
ELECTRONIC STABILIZER 


INSTRUMENT CAN BE USED WITH PANEL 
VERTICAL, INCLINED OR HORIZONTAL 


TYPE 1800-A VACUUM-TUBE VOLTMETER - $305.00 


@ Write for complete information 




















